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JBlood-^rown,  (Simon,  Medicin,  Ckem,  i  328;  Handw.  d. 
Chem.  2*«.  Aufl.  iL  [2]  167.)  A  brown  substance,  probably  a  product  of  the  deoom* 
position  of  hsmatin,  obtained  from  blood  by  the  following  process : — Dried  blood  is 
repeatedly  exhausted  with  boiling  water,  warm  ether,  and  lastly  with  alcohol  contain- 
ing sulphuric  add,  and  the  latter  solution,  after  supersaturation  with  ammonia,  is 
eraporated  to  dryness.  The  residue  is  exhausted  with  alcoholic  ammonia,  the  solution 
is  again  evaporated  to  dr^ess,  and  the  residue  is  exhausted  with  ether,  and  then 
rmatedly  with  water,  in  which  the  haemaphein  dissolves.  To  free  it  from  still 
amnixed  haematin,  it  is  dried,  dissolved  in  bouina  alcohol,  separated  again  by  evapo- 
ration, then  dissolved  in  cold  alcohol,  and  the  tdcohol  is  evaporated.  The  product 
thus  obtained  is  a  brown  mass  difficult  to  pulverise,  soluble  with  brown-red  colour  in 
cold  alcohol,  less  soluble  in  water  and  in  ether.  It  does  not  melt  when  heated,  but 
bums  with  a  bright  flame,  without  leaving  any  ash.  The  solution  in  dilute  slcohol 
forms  brown  precipitates  with  lead,  copper,  mercurous  and  silver  salts.  Sanson 
obtained  a  body  of  similar  colour  to  tiie  above  by  treating  blood  successively  with 
alcohol  and  water. 


C^ffKH,  or  C'"H'»0*.  (Erdmann,  Ann.  Ch.Pharm.xliv.  294.— 
Hesse,  ibid,  dx.  232.) — ^A  substance  produced  from  hematoxylin  by  abstraction  of 
2  at  hydrpgen,  a  change  which  takes  place  by  the  action  of  oxygen  unaer  the  influence 
of  alkalis.  The  best  mode  of  preparing  it  is  to  sprinkle  about  20  grms.  of  hsematoxylin 
in  a  basin  with  suffident  ammonia  to  dissolve  it,  stirring  continutily,  and  warming  the 
liquid  gently  as  long  as  the  hematoxylin  remains  in  excess.  It  must  now  be  exposed 
to  the  air,  and  ammonia  added  from  time  to  time  by  small  quantities,  so  that  the 
liquid  may  always  smell  of  it,  care  beine  however  taken  not  to  add  too  much  ammonia, 
as  it  would  cause  decomposition.  The  liquid  after  a  little  while  assumes  a  dark  red 
colour,  appearing  almost  black  when  viewed  in  a  stratum  of  moderate  depth.  It 
then  contains  huemateate  of  ammonium,  and  on  being  slightly  supersaturated  with 
acetic  add,  deposits  hsematein  in  the  form  of  a  bull^  brown-red  mass,  like  ferric 
hydrate,  which  by  drying  acquires  a  deep  green  colour  and  metallic  lustre :  its  powder 
in  thin  layers,  exhibits  a  red  colour. 

Hematein  dissolves  slowly  in  cold,  moro  readily  in  boiling  water.  On  quickly 
evi^rating  a  solution  proparod  at  the  boiling  heat,  it  becomes  covered  with  saining 
green  scales,  which  sink  to  the  bottom  and  aro  gradually  replaced  by  others.  Some- 
times also  the  solution  solidifies  in  a  gelatinous  mass,  which  yields  micaceous  laminse 
when  suspended  in  water.  Hsematein  likewise  dissolves  in  alcohol  and  very  sparingly 
in  ether.  It  dissolves  with  red-brown  colour  in  the  mineral  adds,  less  easily  in  acetic 
add.  Sulphydric  add  decolorises  it,  but  does  not  convert  it  into  luematoxylin.  It  is 
carbonised  by  heat. 

Hsematein  unites  readily  with  bases.  Pt>tash  dissolyes  it>  forming  a  blue  solution, 
which  turns  brown  on  exposuro  to  the  air.  Ammonia  dissolves  it  with  a  fine  purple 
colour,  which  likewise  turns  brown  in  the  air. 
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2  H^MATIN. 

The  lait-mentioned  solution  contains  hemateate  of  ammoninm,  which  is  lik^ 
wise  fonned  when  a  solntion  of  hfematozrlin  in  ammonia  is  exposed  to  the  air. 
The  salt  deposited  hj  gradual  evaporation  is  a  dark  violet,  granular  powder,  which* 
when  examined  hj  the  microscope,  appeara  to  be  composed  of  transparent,  violet,  four- 
sided  prisms.  It  contains,  according  to  £rdmann*s  analysis,  66*26  per  cent  G,  5*17  H, 
and  6  72  N  (mean),  whence  Qerhardt  (TraitS,  iv.  803)  deduced  the  formuU 
Ci«HW(NH*)«0«  (67'5  C,  6-4  H,  and  8-3  N).  Hesse,  by  leaving  the  solution  to  stand 
for  two  or  three  days  in  a  cool  place,  obtained  crystids  in  which  he  found  51*87  C,  5*78 
H,  and  3'66  N  (mean),  agreeing  nearly  with  the  formuU  C"H»(NH<)0».4H«0,  which 
requires  51*75  G,  5*66  H,  and  3*77  N.  Hsemateate  of  ammonium  dissolves  readily  in 
water  and  alcohoL  The  alcoholic  solution  is  red-brown,  but  becomes  purple  on  addition 
of  water.  The  salt  gives  off  water  and  ammonia  at  100^  G.  and  must  therefore  be 
dried  over  sulphuric  add  at  ordinary  temperatures;  even  then  it  sometimes  decompose. 
Over  sulphuric  acid  in  vacuo,  it  gives  off  all  its  ammonia  and  leaves  hsematein 
(Erdmann).  According  to  Hesse,  it  gives  off  all  its  water  and  ammonia  at  130^  O^ 
leaving  hsematein  as  a  very  hygroscopic  powder,  having  a  blackish  violet  colour  with 
green  uidescence. 

Hsematein  thus  obtained  contains,  according  to  Hesse^s  analysis,  67*66  per  cent, 
carbon,  and  8*50  hydrogen,  agreeing  nearly  with  the  formula  0**^**0*,  which  requires 
68*08  0  and  3*54  H.  Erdmann  found  in  his  hsematein  62*66  per  cent.  G  and  4*16 
H  (meanX  whence  he  deduced  tiie  formula  C7»iP*0>*.  Gerhardt  (Traiti,  iv.  302) 
proposed  the  formula  G'^H^H)*,  which,  however,  does  not  agree  very  well  with  £rd- 
mann*s  analyses,  requiring  64*0  per  cent  G  and  4*0  H.    Hesse  suggests  that  Erdmann's 

hsematein  may  be  a  dibasic  add,      -at     [  0\  and  the  product,  G**H**0*,  obtained  bj 

himself  the  corresponding  anhydride ;  on  this  supposition,  the  two  ammonium-salts 

CH'*0' )  C'*I{'*0* ) 

above  mentioned  are,  perhaps,    /j^g4vi  { 0»  and    ^  nH*  { ^*  3^*^' 

The  solution  of  hsemateate  of  ammonium  forms  coloured  predpitates  with  many 
metallic  salts :  with  acetate  of  lead  it  produces  a  deep  blue  predpitate;  with  sulphate 
of  cowety  violet-blue ;  with  protochloride  of  /in,  violet ;  with  iron-alumj  black.  With 
chlonde  of  barium  it  forms  a  dark  purple  liquid,  which  becomes  brown  on  exposure  to 
the  air.  It  reduces  nitrate  of  silffer,  but  has  no  action  on  mercuric  chloride.  Accord- 
ing to  Hesse,  it  forms  with  chloride  qf  barium,  chloride  of  calcium,  and  espedjilly 
with  chloride  of  sodium,  predpitates  of  various  colours ;  no  predpitate  with  hvpo- 
sulphite  of  sodium;  with  acid  sulphite  of  ammonium,  a  gelatinous  predpitate,  which 
disappears  on  boiling. 

BJBMATnr  or  MMMJLTOBIMm  The  red  colouring  matter  of  the  blood-cor- 
pusdes.  (See  Blood,  i  607.)  Lehmann  (Gompt  rend.  xL  885)  first  showed  that  it 
may  be  obtained  in  the  crystalline  state.  B.  Schwars  (Zdtschr.  f.  die  ges.  Naturwis* 
sench.  xL  225)  prepares  it  in  this  state  by  submitting  the  comminuted  dot  of  ox-blood, 
freed  as  mudi  as  possible  from  scrum,  to  pressure,  and  agitating  the  expressed  liquid 
by  small  portions  with  a  saturated  solution  of  oxalic  add,  with  Mldition  of  alcohol  and 
a  laree  quantity  of  ether.  The  dear  dark  brown  solution,  decanted  after  a  few  minutes 
and  left  to  stand  for  some  weeks  over  chloride  of  caldum,  deposits  the  hsematin  in 
small  black  nodules  made  up  of  cubes,  which  may  be  freed  from  admixed  oxalate  of 
caldum  by  means  of  dilute  hydrochloric  acid.  Less  distinct  ciystals  may  be  obtained 
by  leaving  the  ethereal  solution  to  evaporate  freely ;  but  the  quantity  is  always  small. 
A  solution  of  K^mRtiTi  obtained  as  above  from  horse-blood,  yielded,  on  standing,  small 
rush-shaped  or  spindle-shaped  crystals,  red-brown  by  transmitted  light  Iwmatin 
may  be  obtained  in  the  amorphous  state  by  distilling  off  about  a  third  of  the  ether  from 
the  solution,  and  mixing  the  residue  with  a  large  quantity  of  water.  The  black  flocks 
thus  predpitated  are  washed  with  water  by  decantation ;  then  boiled  with  strong  acetic 
add,  to  free  them  from  albuminous  compounds,  as  long  as  tJie  liquid  is  rendered  turbid 
by  ferrocyanide  of  potassium ;  and,  Ustly,  the  predpitate  is  boiled  with  water,  alcohol, 
and  ether  in  succession,  and  then  again  treated  with  water.  The  crystallised  com- 
pound may  be  sulrjected  to  the  same  treatment  without  undergoing  any  alteration. 
ITiematm  thu9  prepared  is  tasteless  and  inodorous,  insoluble  in  water,  cold  alcohol,  and 
e^her :  partiaUy  (?)  soluble  in  hot  alcohol,  easily  in  acidulated  alcohol,  whence  it  is 
predpitated  by  water.  The  solution  in  acidulated  alcohol  is  decolorised  by  peroxide 
of  lead.  H»tnatin  Ukewise  dissolves  e^ily  in  slightly  alkaHne  liquids,  but  not  in 
strong  sulphuric  or  hydrochloric  add.  Silver,  lead,  and  copper-salts  form  predpitates 
in  the  ammoniacal  solution.  Hsmatin,  when  burnt,  leaves  a  reddue  of  teiric  oxide 
mixed  with  small  quantities  of  caleic  phosphate. 

The  following  analyses  of  h»maiin  by  Schwarz,  give  results  not  differing  greatly 
ftx>m  those  formerly  obtained  by  Mulder  (whence  the  latter  deduced  the  formuU 
CPH^FeNH)'),  but  agrodng  better  with  the  formula  C«H"FeN*0«. 
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When  an  alcohoHc  sohitioii  of  ezyaAallised  haematin  is  boiled  with  nitric  acid,  the 
whole  of  the  nitxoeen  of  the  hmnatin  is  remoTed,  and  a  non-asotised  add  is  formed, 
together  with  a  soMtance  which  reduces  eupric  oxide  in  alkaline  solution,  and  fer- 
ments with  jeast,  jrielding  alcohol  and  carbonic  add. 

The  name  hamatin  is  sometimes  also  used  as  a  synonyme  of  H^iDLTOXTLDr. 

BJBMLaiTnrOVB.  a  red  g^ass  known  to  the  andents,  and  nsed  for  mosaics, 
ornamental  Tases,  &c  ;  it  is  mentioned  hj  Pliny,  and  occurs  pretty  frequently  amone 
the  ruins  of  Pompeii  Its  cobur  is  a  fine  red,  intermediate  behreen  red  lead  and 
rermilion.  It  is  opaque,  harder  than  common  ^jjM,  takes  a  fine  polish,  has  a  con- 
ehoTdal  fracture,  and  a  specific  grayity  of  8*6.  Tht  red  colour,  which  is  due  to  red 
oxide  of  copper,  is  completely  de^royed  by  ftision,  and  cannot  be  restored  by  any  addi- 
tion whatever.  The  fused  mass  has  a  greenish  black  colour,  whidi  reducing  agents 
merely  convert  into  a  muddy  brown-red.  Hsematinone  contains  no  tin,  and  no  colour- 
ingsubstance  except  cuprous  oxide. 

This  antique  glass  may  be  exactly  imitated  by  the  foUowjng  process,  discovered  by 
Pettenkofer  (Dingl.  poL  J.  cxlv.  122): — 100  pts.  of  silica,  11  lime,  1  magnesia, 
33  lithaige,  and  60  carbonate  of  soda,  are  ftised  together,  and  to  the  dear  white  glass 
thus  produced  are  added  26  pts.  of  scale  oxide  of  copper,  somewhat  latdr  2  pts.  of  scale 
oxide  of  iron,  and,  lastly,  a  small  quantity  of  charcoal  On  leavinff  the  fused  mass  to 
cool  slowly,  a  liver-eoloured  glass  is  obtained,  which,  when  ftirther  heated  (for  6  to  12 
hours)  till  it  softens,  is  converted  into  hnmatinone  of  a  splendid  red  colour,  in  conse- 
quence of  the  seoaration  of  a  red  cuprous  compound  within  its  mass. 

A  more  fosibie  glass,  made  by  melting  together  100  pts.  silica,  10  lime,  0-6  mag- 
nesia, 40  lithaige,  60  carbonate  of  soda,  80  scale  oxide  of  copp^,  2  alumina,  and 
3  scale  oxide  of  iron,  exhibits,  after  once  slow  cooling  in  the  air-fiimace,  a  great 
number  of  red  points,  diflftised  through  a  yellowish  vitreous  mass ;  on  cutting  and 
polishing  this  glass,  the  red  points  ap|>ear  as  beau^Pd  tufts  of  needle-shaped  ciystals. 

When  nart  of  the  silica  in  h»matinone  is  replaced  by  boric  anhydride  (by  addii^ 
bomx  to  tne  melted  massX  a  dark-coloured,  dichroitic,  crystalline  compound  is  obtained, 
called  astralite  ri.  429). 

Pettenkofer  is  of  opinion  that  the  same  crystalline  cuprous  compound  (whether  pure 
cuprous  oxide,  or  more  nrobably  cuprous  nlicate)  which  imparts  the  red  colour  to 
haematinone,  constitutes  likewise  the  aystalline  spangles  contained  in  aventurin  glass 
(L  477),  which  in  fact  he  has  produced  by  fusing  luraiatinone  with  a  quantity  of  iron 
filings,  suffident  to  reduce  about  half  the  copper  contained  in  it  to  the  metiJlic  state 
(the  metal  then  settling  down  in  the  form  of  a  re^us,  and  leaving  a  deep  greemsh  . 
black,  scarcdy  transparent  g^  above),  heating  this  glass  for  some  time  to  the  tempe- 
rature at  which  it  softens,  snd  then  leaving  it  td  cool  vetr  slowly.  ( Jahresb.  d.  Chem.  i 
1061;  ix.798.) 

Native  sesqnioxide  of  iron.    (See  Ibon,  oxq>b8  or.) 

A  crystalline  substance  obtained  from  Uood 
(i  606).  It  has  the  composition  of  the  albuminoids,  and  if  quite  pure  would  probably 
be  colourien,  but  it  has  never  yet  been  obtained  perfectly  f^  from  hmnatin. 

XBMATO-CI&OBUUaf.    Syn.  with  Hjbxato-cbtstallik. 

••   * 

^  H  IPfflg  ti  T01»nr«  A  crystalline  substance  often  found  in  extravasated  blood 
(i  607).  It  appears  to  be  produced  by  the  decompodtion  of  haematin ;  but  the  nature 
of  the  transformation  has  not  been  exactly  made  out  According  to  Verdeil  and 
Dollfus  (Compt  rend.  xxx.  806),  crystals  resembb'ng  haematdtdin  may  be  obtained 
from  ox-blood  1^  filteiinff  it  after  coagulation  by  heat;  evaporating  the  solution  to  a 
eyrop,  and  mixing  it  with  alcohol ;  strongly  concentrating  the  liquid  filtered  from  the 
resulting  predpitete;  and  mixing  it,  when  cold,  with  dilute  sulphuric  add.  Fat 
globules  then  separate  on  the  surface  of  the  liquid,  and  sometimes  red  crystals  re- 
sembling hamiatoidin. 

B  2 
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4  H^MA^TOSIN  -  HiLMATOXYLIN. 

Robin  (Compt  rend.  xU.  506)  found  a  considerable  qnantity  of  henuitoldiii  lo  am 
liepatic  cyst,  fonnin^  hard,  brittle  priama  of  118^  and  62^,  and  of  a  bright,  orange- 
Tea  colour.  According  to  Valentiner  (Jahresb.  f.  Chem.  1869,  p.  666),  gall-atoDe% 
bile,  and  the  lirers  of  penons  afiected  with  jaundice,  yield,  when  tivated  with  chloro' 
form,  a  crystalline  substance  differing  from  all  preriously  known  ingredients  of  bile^ 
and  agreeing  in  all  respects  with  hsematoidin. 

BJBMATOSnr.    SeeRsMATm. 


.TOZTZOr,  alao  called  HemaHn,  C*^>K)«.  (CheTreul,  Ann.  Chim. 
Izzx.  128.— Oolfier-Besseyre,  Ann.  Ch.  Phya.  [2]  Izz.  272.— Erdmann,  Ann. 
Ch.  Pharm.  xliy.  292.— Leblanc,  TraiU  de  Ckims  de  Dumas,  yiii  102.— O.  Hesse, 
J.  pr.  Chem.  Izzr.  218 ;  Ann.  Ch.  Pharm.  dx.  882.) — A  crystalline  substance  con- 
tained in  lofi;wood  {Hamatoxylon  Camf€ckianum\  and  the  source  of  the  colouring 
properties  of  that  well-known  dye.  In  the  pore  state,  howeTer,  it  has  little  or  bo 
Colour,  but  is  conrerted  into  a  colouring  matter  under  the  influence  of  alkalis  and 
oxygen. 

It  is  prepared  by  leaving  the  commercial  extract  of  logwood — ^preriously  mixed 
with  quartz-sand  to  prerent  agglomeration — in  contact  with  6  or  6  times  its  volume 
of  ether  (not  anhydrous)  for  several  days,  agitating  from  time  to  time ;  then  decanting 
the  brownish-yellow  solution ;  distilling  off  the  ether;  mixing  the  syrupy  residue  with 
water;  and  leaving  it  to  itself  in  a  loosely  covered  vessel  If  no  water  were  added, 
the  liquid  would  simply  dry  up  to  a  gummy  mass ;  but,  if  a  sufficient  quantity  of  water 
is  present,  the  hematoxylin  crystallises  in  the  course  of  a  few  days.  The  crystals  are 
washed  with  water  and  freed  from  adhering  mother-liquor  b^  nressure  between 
filtering  paper.  The  mother-liquor  mixed  with  the  wash-water  yielos  another  crop  of 
cr^als  by  spontaneous  evaporation.  A  kilogramme  of  logwood  treated  several  times 
with  ether  yields  from  100  to  120  grms.  of  hematoxylin.    (Erdmann.) 

Haeroatoxylin  thus  prepared  has  more  or  less  of  a  yellow  oolour,  but  by  reoystal- 
lisation  from  water  containing  a  little  sulphite  of  ammonium,  it  may  be  obtained  in 
colouriess  crystals.    (Hesse.) 

Hsematoxylin  forms  two  kinds  of  oystali  containing  respectively  8  and  1  at  water. 
The  trihydrated  crystals,  C*«H**0*.3HH),  obtained  as  above,  belong  to  the  dimetric 
system.  Ordinary  combination  opPqp  .  P,  with  Pop  subordinate.  Length  of  principnl 
axis  «■  0*63  (nearly).  Angle  of  the  terminal  edges  of  the  primitive  octohedron, 
P  a  124*'.  The  crystals  are  transparent^  generally  very  brilliant  and  sometimes  of 
considerable  length.  They  give  off  their  water  (16'1  per  cent)  in  vacuo  at  ordinary 
temperatures. 

The  monokydrate,  C'*H'*0*.H*0  (containing  6*6  water),  is  obtained  by  leaving  a 
solution  supersaturated  at  mean  temperature  to  stand  for  some  time,  in  crystals  of 
considerable  sise,  with  smooth  and  sometimes  curved  faces,  and  consisting,  according 
to  a  preliminary  determination   by  Nanmann,  of  hemihedral  trimetric  combinations, 

oP  .  ^  .  mPco .    The  same  hydrate  is  obtained  in  granular  crystals,  by  pouring  a 

solution  of  hematoxylin,  supersaturated  at  the  boUing  heat  into  a  cold  vessel  con- 
taining a  small  quantity  of  solution  of  acid  sulphite  of  ammonium.    (Hesse.) 

Dehydrated  hematoxylin  contains,  according  to  £rdmann*s  analyses,  63*17 — 63*66 
per  cent  carbon,  and  4*66 — 4*70  hydrogen,  whence  Erdmann  deduced  the  formula 
C**^»0'».  Gerhardty  however  (TVoiYi,  iv.  299),  suggested  the  more  probable  formula, 
C»*H'*0«,  which  requires  63*6  per  cent.  C,  4*6  H.  and  319  O. 

Hematoxylin  dissolves  slowly  and  sparingly  in  cold  water,  easily  in  alcohol  And  eikfr 
(Erdmann).  It  dissolves  in  a  saturated  solution  of  borar  more  easily  than  in  pure 
water,  forming  a  neutral  or  slightly  add  liquid,  which  exhibits  a  bIniaLfluoreecence, 
and  from  whidi  the  borax  is  not  precipitated  by  alcohol  This  solution,  mixed  with 
hydrochloric,  acetic,  or  sulphuric  add,  solidifies  to  a  dense  mass,  in  which  eranular 
crystals  of  monohydrated  hematoxylin  quickly  form ;  but  on  addition  of  soration  of 
cmoride  of  sodium,  potassium,  or  ammonium,  femx^anide  of  potassium,  or  add  sulphite 
of  ammonium,  it  deposits  hematoxylin  as  a  white  amorphous  mass.  When  ada  sul- 
phite of  ammonium  is  added  by  drops  to  the  same  solution,  hematoxylin  is  at  first 
deposited  in  the  form  of  an  amorphous  gummy  predpitate,  which  re-dissolves  on  boiling 
the  liquid,  and  reappeam  on  cooling ;  but  on  continuing  the  addition  of  the  acid  sulphite 
to  the  syrupy  liquid,  a  point  is  at  length  attamed  at  which  the  amorphous  hsematoxylin 
disappears,  ana  crystals  of  hematoxylin  are  soon  afterwards  obtained.  When  amor- 
phous hematoxylin  is  dissolved  in  boiling  water,  and  a  drop  of  hydrochloric  acid  added 
to  the  solution,  crystals  of  hematoxylin,  generally  the  monohydrate,  are  soon  deposited. 
Hesse.) 

Hematoxylin  dissolves  abundantly  in  a  warm  solution  of  hyposulphite  of  sodimn^ 
forming  a  purple  liquid,  which  deposits  amorphous  hematoxylin  on  cooling.    It  dii<- 
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HJEMIN— HAIB.  ry 

Bulres  with  some  difficulty  in  solution  of  chloride  ofsodiuffi,  more  eaailj  in  a  saturMtod 
solution  of  chii»ride  of  barium  (this  solution  at  first  depositing  crystals  of  the  trihydrate, 
which  gradually  give  place  to  those  of  the  monohydrateX  Teiy  abundantly  in  solution 
of  ordinary  pMsphate  of  sodium,  forming  a  liquid  which  behayes  like  the  solution  of 
hsematoxyun  in  borax  above  mentioned,  excepting  that  it  exhibits  a  basic  reaction. 
(Hesse.) 

Hsematoxylin  has  a  strongly  saccharine  taste,  like  that  of  liqnorice,  Tery  persistent, 
and  without  astringence  or  bitterness.  Its  solutions  turn  the  plane  of  polarisation  to 
the  right.     It  reduces  cnpric  oxide  in  an  alcoholic  solution  containing  alkalL 

An  aqueous  solution  of  hsematoxylin  is  not  altered  by  contact  with  pure  air  or  oxygen 
gas ;  but  if  the  slightest  trace  of  ammonia  is  present  in  the  air,  the  liquid  acquires  a  yel- 
lowi!»h  ri'd  colour,  arising  from  the  formation  of  hsemateateof  ammonium ;  probably  thus : 
C»«H»<0«  +  O  +  NH«  -  C'«H»(NH<)0*  +  2HH). 

Hsematoxylin  melts  in  its  water  of  crystallisation  when  moderately  heated,  and  is 
completely  carbonised  at  higher  temperatures.  Chlorine  converts  it  into  an  uncrystal- 
lisable  mass.  With  nitric  acid  it  forms  oxalic  acid.  Sulphuric  and  hydrochloric  acids 
have  but  little  action  upon  it 

With  bases,  hsematoxylin  forms  compounds  which,  on  exposure  to  the  air,  are  con- 
verted into  hsemateates.  Baryta-water,  added  to  a  solution  of  hsematoi^Iin  freed  from 
air  by  boiling,  forms  a  white  precipitate  which  soon  turns  blue  if  the  air  has  access  to 
it.  Potash  imparts  to  the  solution  a  violet  colour,  quickly  changing  to  purple  and 
brown.  With  acetate  of  leiui,  neutral  or  basic,  the  solution  yields  a  white  precipitate, 
which  quickly  turns  blue ;  with  cupric  acetate  or  sulphate,  a  greenish  grey  precipitate, 
which  soon  becomes  dark  blue  with  a  coppery  lustre.  Dichloride  of  tin  forms  a  rose- 
coloured  precipitate,  which  does  not  change  colour.  Iron  alum  forms,  after  a  while,  a 
slight  blackish  violet  precipitate.  Common  alum  colours  the  solution  light  red,  but 
does  not  produce  a  precipitate.  Chloride  of  barium  first  colours  the  liquid  red,  and 
then  forms  a  red  precipitate.  The  solution  of  hsBinatoxylin  quickly  reduces  nitrate  of 
silver  and  chloride  of  gold. 

lff»lMIIW.  A  ciystallised,  intensely  red  substance,  which  may  be  prepared  from 
blood  in  various  ways,  but  is  difficult  to  obtain  in  the  pure  state,  and  has  therefore  not 
been  analysed.  The  crystals  are  obtained  immediately  on  mixing  blood,  either  fresh 
or  boiled,  with  strong  acetic  add.  No  crystals  are  formed,  however,  when  blood  coagu- 
lated by  boiling  is  first  washed  with  water  and  then  treated  with  acetic  add  (Teich- 
mann,  Pfeufer  and  Henle's  Zdtschr.  £  rat  Medicin,  iii  367;  viiL  141^.  According 
to  Krauss  (Jahresb.  £  Chem.  1861,  p.  792),  human  blood  may  be  distinguished  with 
certainty  from  that  of  the  ox,  sheep,  pig,  mouse,  or  poultry,  by  the  characters  of  the 
beemin-crystals  obtained  from  it 

BAVBBr JOSBXTS.    Oligodase  from  Haf^ord,  in  Iceland. 

BAXSZVax&rra.  A  hydrated  arsenate  of  caldum,  2Ga''HAsO«.3H*0,  sup- 
posed to  be  from  Baden  or  Joachimsthal,  associated  with  pharmacolite.  Occurs  in 
minute  crystals  belonging  to  the  trimetrie  system,  mostly  congregated  in  botrvoidal 
forms  and  drusy  crusts.  Specific  gni'^^  2*848.  Hardness  1*6  to  2*5.  Lustre 
vitreous.  Colour  white.  Streak  white.  Transparent  or  translucent  Sectile ;  their 
lamins  slightly  flexible.     (D  ana,  ii  413.) 

Ciystals  having  the  form  and  composition  of  haidingerite  may  be  produced 
urtttieiully  by  digesting  carbonate  of  caldum  at  ordinary  temperatures  with  excess  of 
aqueous  arsenic  add.    (Debray,  Ann.  Ch.'  Fhys.  [3]  Ixi.  419.) 

WATlti  Hair  consists  of  a  cylindrical  tube  dothed  with  minute  scales,  having 
their  points  directed  towards  the  free  extremity.  The  tube  is  filled  with  an  cdl,  which 
gives  the  colour  to  the  hair ;  in  white  hair  this  oil  is  colourless. 

In  the  normal  state  hair  is  insensible,  strongly  electric,  and  a  bad  conductor  of 
heat  In  contact  with  the  air,  it  swells  and  absorbs  moisture,  but  does  not  putrefy. 
Chlorine  first  bleaches  and  then  converts  it  into  a  resinous  matter  resembling 
turpentine. 

Hair  is  insoluble  in  water.  Heated  with  water  in  a  sealed  tube,  it  is  decomposed, 
with  liberation  of  sulphydric  add.  A  similar  decompodtion  takes  place  with  aqueous 
potash.  Nitric  add  turns  it  yellow,  forming  oxalic  add,  sulfuric  add,  and  a 
peculiar  bitter  substance.  Hydrochloric  and  sulphuric  adds  dissolve  it,  formine  rose- 
coloured  solutions.  Alkalis  dissolve  it  Many  salts  and  metallic  oxides,  and  likewise 
certain  organic  substances,  change  the  colour  of  red  or  white  hair  to  bladL  A  solution 
of  nitrate  of  direr  in  ether,  or  the  same  salt  mixed  with  lard,  oil,  slaked  lime,  oy 
pyrog^llic  add  is  commonly  used  for  blackening  hair. 

Hair,  when  heat^td,  becomes  hard,  swells  and  emits  an  odour  of  burnt  horn,  and  ia 
the  open  air,  takes  tire,  bums  with  a  bright  flame,  and  leaves  a  residue  of  charcoaL 
By  dry  distillation  it  yields  oily  and  ammoniacal  products. 
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6  HAIR-SALT--HABDNESS. 

Aceofdiiig  to  Von  Laer,  haman  hair  contains  49*8  per  cent  eu4x>ii,  6*4  hjdrogc 
17*1  nitrogen,  6*0  snlphnr,  and  26*7  oxygen.    It  leaTes  hy  caldnation  from  0*32 
1*85  per  cent  of  ash,  oonsistine  of  0*17  to  0*93  soluble  matter,  0*658  to  0*390  ozi* 
of  iron,  and  0*000  to  0*528  earUiy  salts.    (Pelouze  et  Frimj,  Traiti,  tL  244.) 

HIinugftTiT.  A  term  applied  toUatiTe  ndpkaU  ofalummum^  A1'(S0*)'.9H* 
and  to  tron-a/iMii,  Al'^Fe  (S0*)M2HK),  these  salts  sometimes  occnmng  in  deliea 
fibrous  masses.    (See  Alttx  and  Sxtlfhatm.) 

KA&&nm  Basic  sulphate  of  aluminium,  2(A1'0'.S0^.3HH).  (Sjn.  wi 
WaBSTBBira.) 

KA^'LOf  fflTH  or  HAXLOYTM*  A  hydrated  silicate  of  aluminium  contal 
iost  a  larger  proportioki  of  water  than  ordinary  clay,  which  it  otherwise  resembl< 
After  diying  in  the  air  at  ordinary  temperatures,  it  retains  nearly  2HH),  but  1 
diying  in  the  kiln,  the  proportion  of  water  is  reduced  to  nearly  that  of  common  day,  r 
iU*0*.SiO*  +  HH).  It  occurs  in  white,  soft,  smooth  masses,  with  conchoidal  wa: 
fracture,  adhering  to  the  tongue,  opaque  or  translucent  at  the  edges  only.  Wh' 
immersed  in  water,  it  does  not  &11  to  pi^^cs  but  becomes  more  translncent.  It 
readily  decomposed  by  sulphuric  add.    The  following  are  analyses : — 

Berthier.  BooMingault. 
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«,  from  Housscha,  near  Bayonne ;  (1)  kiln-dried ;  (2)  air-dried  ;—b,  from  Anglec 
near  LiSge;  (1)  kiln-dried;  (2)  air-dried; — c,  from  Guateque,  in  New  Cbanadi 
(1)  dried  at  100^  C. ;  (2)  air-dried ;  this  specimen  contained  a  trace  of  sal-ammonia 
— k,  from  Upper  Silesia,  containing  a  trace  of  manganese ; — e,  from  La  Vouth ;— /,  fro 
ThiTiers.    (Gm.  iii  417.) 

BW.    The  dectro-negative  radide  of  a  haloTd-salt. 

SAIiTSt  Beizdius  applied  this  term  to  salts  consisting  of  a  met 
united  with  an  dectro-negatiye  radide,  viz.  chUmdea^  bromides^  iodides^  cyanides^  Sa 
designating  by  the  term,  Amphid-salts,  those  which  were  supposed  to  result  fro 
the  union  of  two  binary  compounds  containing  a  common  dement,  yiz.  the  oxyp 
salts,  sulphur-salts,  selenium-salts,  and  te^urium-8alt8.  The  distinction  between  the 
two  classes  of  salts  is  no  longer  retained,  but  the  term  haloid  is  still  occadonal 
i^^edto  the  chlorides,  bromides,  iodides,  fluorides,  and  cyanides. 
HAZiOTXZCBZVa.    A  silky  iron-alum,  from  the  Sol&tara,  near  Naples.    (S 

SULPH^TBS). 


A  name  applied  sometimes  to  natiye  iron-alum,  sometim 
to  natire  hydrated  su^)hate  of  aluminium.    (See  Sulvhatbs.) 


kTBXO  VXO  AOIB«  An  add  produced  by  the  action  of  sulphuric  ac 
on  euxanthic  add.  Its  compodtion  has  not  been  ezacUy  determined  The  bariui 
salt  contains  31*4  per  cent  baryta;  the  lead-salt,  61*6  to  62*4  oxide  of  lead.  (S 
EuxmrmoAom,  ii.  610.) 

(See  Stbatitb.) 

or  BKXWHATiB.    A  harder  body  is  distinguished  from  a  aotti 
either  by  attempting  to  scratch  one  with  the  other,  or  by  trying  each  with  a  file.    ' 
ffiye  a  definite  character  to  the  results  thus  obtained,  Mohs  introduced  a  scale 
hardness,  condstingof  ten  minerals,  gradually  increasing  in  hardness  from  1  to  10,  tii 

1.  Talc :  common  laminated,  li^ht-green  variety. 

2.  GwBwm:  a  crystallised  variety. 

3.  Cati>9par;  transparent  variety. 

4.  Fluor^^par :  crystalline  variety. 
^.    ApatUe:  transparent  variety. 
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HARMiXA-HARMALINE.  7 

5'6  ScapoliU:  cryBtalline  Tvietj. 

6.  FeUpar:  (orthocUse);  white  deavable  variety. 

7.  Quartz:  traiiBparent 

8.  Topaz:  transparent. 

9.  Sapphire:  deavable  varieties. 
10.    Diamond, 

The  hardness  of  any  given  mineral  may  be  determined  by  attempting  to  scratch  it 
with  some  of  the  above  minerals,  or  bv  trying  to  scratch  a  smooth  trarxace  of  the  suc- 
cessive members  of  the  scale  with  a  sharp  comer  of  the  substance  to  be  examined ; 
thos,  if  it  somtches  fluor-spar  and  is  scratched  by  apatite,  the  hardniws  is  between 
4  and  6. 

Or  again,  the  relative  hardness  of  a  mineral  may  be  determined  by  abrading  one  of 
its  edges  with  a  file.  If  the  file  abrades  the  mineral  under  trial  with  the  same  ease  as 
fluor-spar,  and  produces  an  equal  depth  of  abrasion  with  the  same  force,  the  hardness 
is  said  to  be  4.  If  the  minend  is  abraded  more  easily  than  fluor-spar,  but  less  easily 
than  apatite,  the  hardness  may  be  4*26  or  4*6.  In  making  these  comparative  trials, 
care  must  be  taken  to  applv  the  flle  to  edges  of  equal  obtuseness.  That  part  also 
of  Uie  specimen  should  be  selected  which  has  not  been  altered  by  exposure,  and  has 
the  highest  degree  of  transparency  and  compactness  of  structure.  The  pressure  for 
determination  should  be  rather  heavy,  and  the  flle  should  be  passed  three  or  four  times 
over  the  specimen. 

Certain  varieties  of  some  minerals  give  a  low  degree  of  htfrdness  under  the  flle, 
owing  either  to  impurities  or  imperfect  asgregations  of  particles,  whilst  they  scratch 
a  baiter  species,  snowing  that  the  partiaei  are  hard,  but  loosely  aggregated ;  this 
peculiarity  is  exhibited  by  certain  varieties  of  chiastolite,  spinel,  and  sapphire. 

Many  mberals-  kyanite  and  mica,  for  example— present  diflTerent  degrees  of  hard- 
ness on  dismmilar  &ces.  This  inequality,  like  difference  of  colour,  lustre,  &c,  in 
the  faces,  is  confined  to  those  primary  forms  which  are  developed  upon  unlike  axes. 
(Dana,  i  180.) 

WumMATi/l,  AXJLAMZB8  OV.  (Gerh.  iv.  9.— Handw.  d.  Chem.  iii.  769.)— 
The  seeds  of  the  Peganum  Harmala,  a  plant  growing  abundantly  on  the  steppes  of 
Southern  Russia^  especially  in  the  Crimea,  contain  two  organic  bases  called  bar  ma- 
line  and  harmine,  probably  in  the  form  of  phosphates ;  they  are  found  in  the  seed- 
coating,  not  in  the  kemeL  To  obtain  these  alkaloids,  the  pulvensed  seeds  are  exhausted 
in  a  percolating  apparatus  with  water  acidulated  with  acetic  or  sulphuric  acid ;  and 
the  brownish  yellow  extract,  which  contains  the  bases  in  the  form  of  acetates,  together 
with  earthy  phosphates,  colouring  matter,  &c,  is  mixed  with  a  solution  of  common 
ftdt^  whereupon  the  hydrochlorates  of  the  alkaloids,  which  are  insoluble  in  that  liquid, 
are  precipitated  together  with  colouring  matter.  Nitrate  of  sodium  may  also  be  used 
instead  of  the  chloride,  provided  care  bs  taken  that  the  extract  of  the  seeds  does  not 
contain  free  sulphuric  acid,  as  the  nitric  add  which  would  then  be  liberated  miebt 
decompose  the  alkaloids.  The  predpitate  is  collected  on  a  filter,  and  washed  with 
brine  until  the  wliole  of  the  mother-liquor  is  removed ;  then  dissolved  on  the  filter 
with  cold  watt'r,  which  leaves  part  of  the  colouring  matter  undissolved.  The  solution, 
treated  with  animal  charcoal,  and  then  at  a  temperature  of  60^  to  60^  C.  with  am- 
monia added  by  small  portions,  yidds  the  alkaloids  in  the  pure  state,  neariy  the  whole 
of  the  harmine  being  thrown  down  before  the  harmaline  b^^s  to  separate.  As  soon 
as  the  latter  body  makes  its  appearance, — which  may  be  known  by  examining  the 
precipitate  from  time  to  time  with  the  microscope,  harmine  ciystallising  in  needles, 
while  harmaline  forms  leafy  scales,— the  solution  must  be  filtered  hot,  and  the  harma- 
line predpitated  from  it  by  ammonia. 

The  sc«ds  contain  about  4  per  cent  of  alkaloids,  of  which  one-third  consists  of 
harmine,  and  two-thirds  of  harmaline. 

If/IUM/LUL  BSB.  The  seeds  of  harmala  contain  also  a  red  colouring  matter, 
which  may  be  extracted  by  digesting  them  with  alcohol  for  8 — 14  days.  It  is  insoluble 
in  water,  easily  soluble  in  ether,  ami  dissolves  in  all  proportions  in  absolute  alcohol. 
It  unites  with  adds,  forming  red  salts,  and  dyes  wool  or  si&  mordanted  with  acetate  or 
sulphate  of  alumina,  fh>m  the  lightest  rose-colour  to  the  deepest  scarlet.  The  colours 
do  not,  however,  appear  to  be  very  fast.    (Gm.  xvi  119.) 

BA&MAZiZinB.  C'«H"N»0.— Discovered  by  Gobel  in  1837  (Ann.  Ch.  Pharm. 
xxxviiL  363);  afterwards  more  minutely  examined  by  Fritssche  (jMcL  bdv.  360; 
Ixviii.  351,  366;  IxxiL  306;  Lxxxviii.  327).  It  is  colourless  when  pure;  if  it  has  a 
yellowwb  or  brownish  tint,  it  may  be  purified  by  suspending  it  in  water,  adding  acetic 
add^  in  sufficient  quantity  to  dissolve  it,  filtering  to  separate  colouring  matter,  thon 
predpitttting  with  chloride  or  nitrate  of  sodium,  or  hydrochloric  acid,  waahing  the  pre- 
cipitate on  a  filter  with  a  dilute  solution  of  the  reagent  employed,  dissolving  it  in  tepid 
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8  HARMALINE. 

water,  treating  the  eolation  with  animal  diaicoal  till  it  ezhilnti  a  light  yellow  a 
and  precipitating  by  caustic  potash. 

Harmaline  cnrstalliBed  from  alcohol  forms  octahedrons  belonging  to  the  trio 
system,  modified  by  the  faces  ooFoo ,  ooPoo ,  and  f^oo .  Batio  ol  Uie  yertical  t 
horizontal  axes,  1 :  1'804  :  1*415.  Aiigles  of  the  terminal  edges  in  P  —  116^  34 
131^  18' ;  of  the  lateral  edses  in  the  same  »  83^  64'.  It  is  sparingly  soluble  in  ^ 
and  ether,  moderately  soluble  in  cold  alcohol,  and  Teiy  freely  in  boiling  alcohol 
has  a  £eunt  bitter  taste ;  and  colours  the  saliva  yellow. 

HarDudine,  when  h^ted,  melts,  gives  off  white  Tapours  and  becomes  carboi 
Heated  in  a  tube,  it  yields  a  white  mealy  sublimate.  OxidiBine  agents,  under  of 
circumstances,  convert  it  into  a  red  colouring  matter,  insoluble  m  water,  solul 
alcohoL  By  some  oxidising  agents,  however,  harmaline  is  converted  into  harmii 
loss  of  2  at  of  hydrogen;  this  change  takes  nlace  when  the  add  chromate  of  hara 
is  heated  to  120^  C,  or  when  harmaline  is  heated  with  hydrochloric  add  and  al( 
to  which  a  little  nitric  add  is  added.  When  nitrate  of  harmaline  is  heated  with 
holic  hydrochloric  acid,  the  harmaline  is  converted  into  harmine.  Harmaline,  I 
with  excess  oinitricacid^  yields,  first,  nitroharmaline,  then,by  longer  boiling,  n: 
harmine:  with  boiling  nitromuriatic  acid,  it  forms  chloronitroharmine. 

The  salts  of  harmaline  are  yellow,  have  a  bitter  taste,  and  are  for  the  mosi 
easily  soluble  and  crystallisable. 

The  acetate  is  obtained  by  spontaneous  evaporation  of  a  solution  of  harmali; 
acetic  add,  in  the  form  of  a  syrup  which  becomes  aystalline  after  a  while.  A  sol 
of  the  acetate,  mixed  with  acid  carbonate  of  potassium,  yields  acid  carbonate  of  ki 
line,  in  the  form  of  a  predpitate  composed  of  fine  needles.  The  neutral  alkaline  c 
nates  either  form  no  predpitate  with  the  salts  •f  harmaline,  or  merely  throw  dow 
base. 

The  neutral  chromate  is  a  sparingly  soluble,  yellow,  aystalline  salt,  which  mi 
obtained  by  adding  acetate  of  harmiuine  drop  by  drop  to  a  solution  of  neutral  chrc 
of  potassium,  saturated  in  the  cold,  filtering  from  the  predpitate  of  harmaline 
pnxluced,  and  adding  more  acetate  of  harmaline  to  the  filtrate.  The  acid  chro 
2C»*H'«N*O.H*0.2CrO«,  is  produced  by  adding  acid  chromate  of  potassium  to  a  <3 
solution  of  harmaline,  and  separates  immediately  in  oily  drops,  which,  after  a  v 
become  crystalline.  When  heated  to  120^  C,  it  is  rapidly  decomposed,  yielding  a 
limate  of  harmine  and  leaving  a  dark-coloured  residue  containing  chromium. 

The  hydrochloraU,  C»*H»«N*0.HC1.2H*0,  forms  long  prismatic  needles  contai 
12*3  per  cent  water  of  crystallisation.  It  is  moderately  soluble  in  water  and  in  ale 
The  chloroplatinate,  2(C'"H'«N*0.HCl).Pta«,  is  a  yellow  predpiUte. 

The  htfdrocyanaie  forms  a  peculiar  alkali  The  hvdroferrocyanate  is  a  brie 
crystalline  powder ;  the  hydroferricyanate  forms  Ions  dark  green  nrisms.  The  eu 
cyanate  forms  siUcy  needles,  sparingly  soluble  in  cold,  more  soluble  in  boiling  wai 

Nitrate  ofharmaUne,  obtained  by  predpitating  the  acetate  with  dilute  nitric  tu. 
nitrate  of  ammonium,  forms  needles  sparingly  soluble  in  pure  water,  and  almost 
luble  in  water  containing  nitric  add. 

Oxalates. — ^When  aqueous  oxalic  add  is  boiled  with  excess  of  harmaline,  cryst 
ihe  neutral  salt  separate  on  cooling;  and  oxalic  add,  added  to  the  solution  of 
crystals,  predpitates  the  add  oxalate  of  harmaline. 

Stdphatee. — ^By  digesting  dilute  sulphuric  add  with  excess  of  harmaline,  and  e 
rating  the  filtrate,  the  neutral  sulphate  is  obtained  as  a  yellow  resin,  which,  whe 
over  oil  of  vitriol,  changes  to  a  radio-crystalline  mass. 

Svdphiie. — The  solution  of  harmaline  in  aqueous  sulj^urie  add  dries  up  to  a  y 
resin,  exhibiting  no  traces  of  crystallisation. 

Sulpht/drate. — By  mixing  concentrated  solutions  of  sulphydrate  of  ammoniun 
acetate  of  harmaline,  slender  prisms  are  obtained  which  qmckly  decompose  on  exp 
to  the  air,  after  separation  of  the  mother-liquor. 

Bjrdroeyaii-lianiuaiiie.  C**H**NK)»C>'H>«KK).HCy,  is  a  base  containinj 
elements  of  harmaline  and  hydrocyanic  add.  It  is  obtained  by  dissolving  harm 
in  dilute  boiling  hydrocyanic  add  and  filtering  hot,  bein^  then  deposited  in  ci] 
on  cooling;  or  by  pouring  a  solution  of  cyanide  of  potassium  into  a  solution  of  i 
of  harmaline,  or  caustic  potash  into  a  solution  of  a  salt  of  harmaline  previ 
mixed  with  hydrocyanic  add.  From  aqueous  solutions  it  is  deposited  in  amor| 
flocks,  which  give  off  hvdroigranic  add  when  dried  in  the  air ;  the  decomposition 
however,  be  prevented  by  diraolving  the  powder,  while  yet  moist,  in  hot  aicoboL 
still  contains  harmaline,  it  may  be  purified  by  suspending  it  in  water  and  ac 
acetic  add,  which  readily  dissolves  the  harmaline,  but  exerts  little  or  no  action  o 
bydrocyan-harmaline. 

'  This  base,  when  pure,  forms  thin  rhomboTdal  tables,  which,  when  dry,  undei)2 
alteration  by  expoBun  to  the  air,  or  in  vacuo,  or  even  at  100^  C    At  a  higher 
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peratnre,  or  when  boOed  with  wat«r  or  alcohol,  it  is  resolyed  into  harmaline  and  hydro- 
mnic  add.  Suspended  in  water  and  boiled  with  a  large  excess  of  nitric  acid,  it  is 
jecompoeed,  giring  off  red  Taponrs,  and  yielding  a  porple  solution  which  deposits  non- 
ciystalline  grains  of  a  fine  red  colour,  changed  to  green  by  ammonia.  Hydrocyan- 
harmaline,  heated  with  hydrochloric  add  and  chloride  of  potassium,  yields  a  resinous 
pioduct. 

The  salts  of  hydrocyan-harmaline  are  exen  less  stable  than  those  of  bar-' 
maline.  The  bue  does  not  appear  to  combine  with  all  adds.  The  hydrochlomte, 
0^'*NK).C^H.HG1,  is  a  oystalline  powder  comoosed  of  small  octahedrons  with  a 
rhombic  ba«e  and  secondary  faces,  whereas  hydrocmorate  of  harmaline,  when  examined 
hj  the  microscope,  appears  like  an  aggregation  of  long  yellow  prisms.  The  nitrate  and 
milphate  are  idso  crystalline. 

antroluuiiiallBe,  C«ff«N»0»-C»^»«(NO«)N«0.  C!lry«o*armt««.— This  body, 
which  is  derived  from  harmaline  by  the  substitution  of  1  at.  nitryl,  NO^  for  1  at. 
hydrogen,  may  be  prepared : — 1.  By  suspending  1  pt.  of  harmaline  in  6  or  8  pts.  of 
aloohd  <xf  80  per  cent.,  adding  2  pts.  of  strong  sulpnuric  add,  and,  when  the  solution 
is  complete,  2  pts.  of  moderately  concentrated  nitnc  add ;  heating  the  mixture  on  the 
water-rath ;  and  as  soon  as  the  reaction,  which  is  yeiy  brisk,  is  oyer,  cooling  it  quickly 
to  prevent  secondary  decompodtions.  The  liquid  then  deposits  sulphate  of  nitrohar* 
maline,  which  is  to  be  wauied  with  alcohol  containing  sulphuric  add,  then  dissolved 
in  warm  water,  and  predpitated  by  dilute  potash  or  ammonia.  If  the  nitrohannaline 
thus  predpitated  contains  harmine  or  undecomposed  harmaline,  it  may  be  freed  there- 
from by  means  of  sulphurous  add,  which  forms  a  sparingly  soluble  salt  with  nitro- 
hnrmaline,  but  veiy  soluble  salts  with  the  other  two  bases. — 2.  By  a  process  exactly 
similar  to  that  which  will  be  hereafter  described  for  the  preparation  of  nitroharmine, 
excepting  that  the  nitric  add  used  must  be  weaker,  vis.  of  specific  gravity  1*12  instead 
of  1-40. 

Nitroharmaline,  predpitated  from  its  salts  by  an  alkali,  is  an  orange-coloured  powder 
composed  of  microscopic  prisms ;  laiger  crystals  are  depodted  fh>m  the  alcohohc  solu- 
tion. It  is  but  sparin^y  soluble  in  cold  water,  to  whicn,  however,  it  imparts  a  yellow 
colour ;  boiling  water  curaolves  it  much  more  freely.  It  is  more  soluble  in  alcohol  than 
harmine  or  harmaline ;  sparingly  soluble  in  cold  ether,  more  soluble  in  hot  ether.  It 
dissolves  in  oils,  both  fixed  and  volatile ;  also  in  hot  rock-oiL    It  mdts  at  120°  C. 

Heated  with  ammoniacal  salts  it  decomposes  them,  expelling  the  ammonia.  Nitrie 
add  converts  it  into  nitroharmine. 

The  salts  of  nitroharmaline  are  yellow.  The  hydrockhraUy  C»*H^NO^ 
N  -O.HCl,  cnrstallises  in  small  prisms ;  its  solution,  mixed  with  tetrachloride  of  platinum, 
yields  the  eiUorvp^a^ato,  2(C"H>^N0<)NH).Ha).Pta«,  as  a  yellow  predpitate,  which 
ultimately  assumes  the  form  of  minute  prisms. 

The  nUraU  czystallises  in  yellow  needles,  rather  sparing^  soluble  in  water,  espe- 
dally  if  it  contains  a  little  nitnc  add.  A  perfectly  neutral  solution  of  this  salt,  mixed 
with  ammoniacal  nitrate  of  silver,  yields  a  yeUowish  red  floocolent  predpitate,  consist- 
ing of  argento-nUroharmaUne,  <7*Ja"As(N0*)NH).HK). 

A  compound  of  nitrokantuUine  with  nitrate  of  eilt/er  is  obtained  in  light  yellow 
crystalline  flakes  on  mixing  an  alcoholic  solution  ot  nitrohannaline  with  nitrate  of 
silver. 

The  neutral  sttlpkate  is  obtained  as  a  crystalline  predpitate  on  saturating  a  solution 
of  the  acetate  with  sulphate  of  ammonium.  The  add  sulphate,  C'^'^N0')NK).H*8O, 
is  produced  bj  dissolving  the  base  in  excess  of  sulphuric  add,  mixea  witn  alcohol,  or 
1^  dissolving  it  in  strong  sulphuric  add,  and  pouring  the  solution,  drop  by  drop,  into 
cold  water.    It  is  a  pale  yellow  cmtalline  powder,  nearly  insoluble  in  cold  water. 

The  sulphite  is  very  little  soluble  in  cold  water,  especially  if  addulated  with  sulphu- 
rous add. 

The  acetate  is  soluble ;  the  oxalate  ci^rstallisable.  The  hydroferroeyanaie  is  a  yellow 
crystalline  predpitate.  The  hydrofemcyaxaU  separates  in  oily  drops,  which  solidify, 
after  a  while,  to  a  crystalline  powder.  The  sutphoeyanaU  forma  sparingly  soluble 
microscopic  needles. 

Hydroeyano-nitroharmaline,  C*'H**(NO*)N'O.CyH,  is  obtained  by  dissolving 
nitroharmaline  in  a  hot  alcoholic  solution  ot  nydrocyanic  add ;  also,  by  leaving  a  con- 
centrated solution  of  acetate  of  nitroharmaline,  mixed  with  hydrocyanic  add,  to  evapo 
rate ;  or  by  adding  ammonia  to  a  salt  of  nitroharmaline  containing  hydrocyanic  add. 
It  forms  slender  yellow  needles,  which  give  off  the  odour  of  ammonia  when  moist,  but 
are  permanent  when  dry.  By  boiling  with  water,  it  is  resolved  into  nitroharmaline 
and  hydrocyanic  add.  Decomposed  also  by  strong  ammonia  or  potash.  It  dissolves 
in  strong  sulphuric  acid,  and  the  solution,  poured  into  a  small  quantity  of  water,  yieldi 
needlfs,  apparently  consisting  of  an  insoluble  sulphate. 
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C»H»«N'0.  (Fritzsche,  loe.  eiL,  p.  7.)--Thi8  alkali,  whidi  < 
tains  2  at  H  less  than  harmaline,  may  be  obtained  either  directly  from  the  seeds  of 
Peganum  karmala,  in  the  manner  already  described,  or  as  a  product  of  the  oxidation 
of  narmaline.  Acid  chromate  of  harmaline,  heated  to  120^  C.,  decomposes  suddenlj 
with  evolution  of  heat,  and  produces  harmine,  part  of  which  volatilises  and  condense* 
on  the  sides  of  the  yesseL  A  better  process  is  to  heat  harmaline  with  a  mixture  of 
equal  parts  of  hydrochloric  acid  and  alcohol,  to  which  a  little  nitric  acid  is  added.  The 
conversion  of  the  harmaline  is  complete  soon  after  the  lit^uid  begins  to  boil,  and  on 
cooling,  hydrochlorate  of  harmaline  is  abundantly  deposited  m  slender  needles.  The  so- 
lution of  this  salt,  decomposed  by  ammonia,  yields  the  base. 

Harmine  forms  rhombdidal  prisms  of  124^  18',  and  65°  42',  nearly  insoluble  in  1M<^» 
very  sparingly  soluble,  at  orainary  temperatures,  in  alcohol  and  in  ether.  It  is  a 
weaker  base  than  harmaline ;  nevertheless  it  expels  ammonia  from  its  salts  at  the 
boiling  heat. 

The  salts  of  harmine  are  colourless,  and  mostly  aystalline;  their  solutions 
have  a  yellow  tint  when  concentrated,  bluish  idien  dilute.  Alkalis  and  alkaline  car- 
bonates decompose  them,  precipitating  the  base. 

The  acid  chromate,  2C"H>W>.H*0.2Cr*0»,  is  always  formed  on  mixing  an  acid 
solution  of  harmaline  with  a  soluble  chromate.  It  is  decomposed  by  heat,  yielding  a 
peculiar  base. 

The  hydrochlorate,  C»'H»*N«0.HC1,  forms  needles  containing  12-38  per  cent,  vatcr, 
which  they  give  off  at  100^  C.  Fh>m  alcohol,  the  salt  is  deposited  in  the  anhydrous 
state.  The  ehloroplatinate,  2(C"H"NK).Ha).PtCl<,  is  a  flooculent  precipitate,  becomim? 
crystalline  when  heated.  The  ehloromereurate  is  deposited  as  a  cordy  precipitate  from 
cold  solutions,  and  crystalline  from  hot  solutions.  The  hydrobromate  and  hydriodate 
resemble  the  hydrochlorate. 

The  hydroferrocyanate  and  hydroferricf/anate  are  obtained  as  yellow  precipitates. 

The  nitrate  forms  yellow  needles,  spanngly  soluble  in  cold  water,  still  less  in  water 
acidulated  with  nitric  add. 

The  neutral  oxalate  is  a  crystalline  precipitate.  The  acid  oxalate,  C"H"N*O.C*H*0* 
H*0  forms  radiating  needles,  contaimng  6*67  per  cent,  water,  which  they  give  off  at 
100«  C. 

The  neutral  sulphate,  2C"H«NK).H'SO*.2H«0,  obtained  by  dissolving  an  excess  of 
harmine  in  dilute  sulphuric  acid  and  evaporating,  forms  concentrically  grouped  needles 
containing  6-67  per  cent  of  water.  The  acid  sulphate,  C'»H'*N»O.H''SO«,  obtiuned  by 
addinc  excess  of  sulphuric  acid  to  a  solution  of  harmaline  in  boiling  alcohol,  forms 
cfyst^  similar  in  form,  but  anhydrous.  ^ 

The  eulphocyanate  is  obtained  by  precipitation  in  yellow  needles. 

SubsHtution-derivativee  of  Harmine. 

IMolilortiarmlne.  C»»H'«a*N*0.  (Fritzsche,  Petersb.  Acad.  BulL  v.  12.)— Pro- 
duced by  the  action  of  hypochlorous  acid  on  harmine.  To  prepare  it,  a  veiy  dilute 
solution  (containing  1^  to  2  per  cent)  of  hydrochlorate  of  harmine  is  heated  to  boiling; 
10  to  15  per  cent,  of  strong  hydrochloric  acid  is  then  added  to  it,  and  afterwards,  toe 
solution  being  still  kept  boiung,  chlorate  cf  potassium  is  thrown  in,  by  small  quantities 
%t  a  tmie,  UDtil  the  brownish  red  colour  which  the  liquid  assumes  at  first,  is  changed 
to  pure  yellow.  The  ebullition  is  muntained  a  little  while  longer,  so  as  to  destroy  a 
coloured  product;  the  solution  is  then  allowed  to  cool;  and  the  crystals  of  dichlor- 
harmine  which  separate  are  washed  with  dilute  hydrochloric  acid,  or  with  solution  of 
chloride  of  sodium,  and  purified  by  crystallisation  from  alcohol,  or  re-solution  in  water 
and  precipitation  by  hydrochloric  or  nitric  acid.  On  redissolving  the  hydrochlorate  of 
dichu>rhanmne  in  a  large  quantity  of  hot  water,  and  boiling  it  for  several  hours  with 
a  great  excess  of  soda-ley,  crystals  of  dichlorharmine  are  deposited,  which  must  be 
reciystallised  from  alcohol 

Dichlorharmine  forms  soft  white  needles,  insoluble  in  cold,  very  slightly  soluble  in 
boiling  water.  It  dissolves  in  alcohol,  ether,  benzene,  and  sulphide  cj  carbon,  much 
more  easily  when  heated  than  in  the  cold. 

Dichlorharmine  forms  a  compound  with  iodine,  corresponding  to  di-iodide  of  nitro- 
harmine  (p.  11),  and  containinjg  46*45  per  cent  iodine. 

With  aeids  it  forms  crystallisable  salts,  which,  like  those  of  harmine,  are  veiy  diffi- 
cultly soluble  in  water  containing  adds  or  salts.  The  mono-add  (neutral)  salts  are 
decomposed  to  a  certain  extent,  with  separation  of  dichlorharmine,  when  a  large 
quantity  of  water  is  poured  upon  them.  Ammonia  throws  down  dichlorharmine  from 
their  solutions,  as  an  amorphous,  colourless  jelly ;  solution  of  soda  acts  in  the  same 
way,  but  in  this  case  the  precpitate  becomes  crystalline  when  long  boiled  with  a  great 
excess  of  soda  solution.  Bicmorharmine  displaces  a  trace  of  ammonia  firom  a  boiling 
solution  of  sal-ammoniac ;  part  of  the  dissoh-cd  dichlorharmine  separates  out  on  cooling, 
*    "^  the  rest  only  on  addition  of  ammonia  to  the  filtrate. 
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HydtaeMoraU  of  DieUorharmbM  is  obtained  by  diBsolTinff  tbe  bate  in  water  oon- 
Uininff  hydrocblorio  add,  and  precipitating  hj  excess  of  hydrodilorie  add.  It  • 
crystaLUises  fiom  water  in  needles^  from  alcohol  in  larger  cnrstals;  chloride  of  sodium 
separates  it  from  its  solution  in  the  form  of  a  jellj  wfaicm  turns  to  needle-shaped 
crystals.  It  contains  2  at  water,  which  it  gires  off  at  lOO*'  C,  but  reabsorbs  1  at.  if 
exposed  to  moist  air.  When  heated  mudi  aboTe  100®^  it  becomes  yeUow  and  loses 
hydrochloric  add ;  between  180^  and  200^  it  mdts  to  a  brown-yellow  liquid,  whidi 
dissolves  in  water  and  contains  a  newly  formed  base. 

The  nitraU  is  precipitated  as  a  jeUy,  which  afterwards  changes  to  crystalline  needles, 
by  addition  of  excess  of  nitric  add  to  a  solution  of  dichloxharmine  in  water  contaLaing 
nitric  add.  It  is  anhrdrous  and  less  soluble  in  water  than  the  hydrochlonite.  When 
melted  it  giTss  off  ada  Tapouzs  and  yidds  a  brown  mass,  from  the  solution  of  which  in 
aqueous  aUcalis  adds  throw  down  brown  flocks. 

Nitrate  of  dichlorharmine  pre^fates  from  oxide  of  arpentammommn,  a  pale 
greenish  jelly,  oontaininp^  silver.  When  hydrochlorate  of  didilorharmine  is  mixed 
with  nitrate  of  silver,  a  jelly  is  predpitated,  without  formation  of  chloride  of  silver, 
but,  on  adding  nitric  add  to  the  jelly,  chloride  of  silver  is  formed. 

WttroliannUi^.  C»«H"(NO»)N«0.  yt<foAan?ittft»?.  (Fritz sche,  Petereb.  Acad. 
Bull  xiL  33,  225 ;  Ann.  Oh.  Phann.  Ixviii.  328 ;  xcii  330.)— Produced  by  the  action 
of  nitric  add  on  hwrmaline  or  nitroharmaline.  It  does  not  appear  to  be  formed  by  the 
action  of  nitric  add  on  harmine.  To  prepare  it,  1  pt.  of  harmaline  is  dissolved  in  2 
pes.  of  water,  and  the  requisite  quanti^  of  acetic  acid,  and  to  the  solution  12  pts.  of 
nitric  acid  of  spedflo  gravity  1*40  are  added  in  a  thin  stream.  A  violent  evolution  of 
red  vapours  takes  place;  and  if  the  liquid  be  kept  in  a  state  of  ebullition  till  the  action 
is  ov<v,  then  cooled  quickly,  and  treated  with  excess  of  caustic  alkali,  nitroharmine  is 
depodted  in  the  form  of  a  deep  yellow  predpitate,  while  a  resinous  matter,  formed  at 
the  same  time,  remains  in  solution.  The  product  is  purified  by  converting  it  into  a  hy- 
drochlorate, and  decomposiiig  that  salt  with  ammonia.  Nitroharmine  forms  yellow 
needles,  tastelMS,  sparing^^  soluble  in  oold,  more  soluble  in  boiling  water.  From 
boiling  alcohol  it  separates  m  deep  yellow  octahedrons^  which  soon  change  into  needles. 
Ether  dissolves  it  but  spazin^y.  It  dissolves  in  rock-oQ  and  in  coal-tar  ni^htha.  Heated 
with  a  solution  of  sal-ammoniac,  it  slowly  eliminates  ammonia.  It  unites  wiUi  iodine,  but 
is  decomposed  by  dilorine  and  bromine. 

The  salts  of  nitroharmine  have  a  dightly  bitter  taste^  and  mostly  crystsUise 
in  yeUow  needles.  The  hffdroekhrate,  C»*H"(N0«)N«0.HC1  +  2HH),  obt«ned  by 
adding  hydrochloric  add  in  excess  to  a  solution  of  the  base  in  acetic  add,  or  in  hot 
water  addulated  with  a  few  drops  of  hydrochloric  add,  crvstallises  in  slender  needles, 
which  may  be  purified  by  reoystallisation  from  boiling  alcohoL  The  chloroplaiimUe 
is  soluble  and  OTstaUisee  in  needles. 

The  neutral  nitrate  is  but  sparingly  soluble  in  water,  still  less  in  dilute  nitric  add : 
hence  nitricaddgraduallypredpitates  nitroharmine  from  the  solutions  of  its  other 
salts.  It  oystallises  in  vdlow  needles,  which,  if  left  in  the  add  liquor,  gradually 
change  to  granular  and  raomboidal  crystals  of  a  deeper  yellow  colour.  There  appears 
also  to  be  a  basic  nitrate,  somewhat  more  soluble  in  water. 

The  hydrocyanate  does  not  appear  to  exist  by  itself  but  a  double  compound  of 
kydrocyanate  of  nitroharmine  ana  rnercuric  cyanide  is  deposited  in  granular  crystals 
when  cyanide  of  mercnir  is  added  to  a  boiling  solution  of  acetate  of  nitroharmine 
and  the  liquid  left  to  cooL 

The  hydroferroe^anate  and  hydroferricyanate  are  obtained  by  predpitation,  the 
former  in  brown  microscopic  prisms,  the  latter  in  yellow  grains.  The  aulphocyanate 
forms  nearly  colourless  needles^  sparingly  soluble  in  cold,  more  soluble  in  hot  water. 

Di-iodide  of  Nitroharmine,  C*«H" (NO«)N^O J*,  separates  in  yellowirfi  brown 
agglomerated  microscopic  needles,  on  mixing  the  boiling  solutions  of  iodine  and  nitro- 
harmine in  alcohol  or  coal-tar  naphtha.  It  is  nearly  insoluble  at  ordinary  temppraturca 
in  water,  alcohol,  ether,  and  coal-tar  naphtha ;  slip;htly  soluble  at  higher  temperatures. 
It  may  be  heated  to  100^  C.  without  aecomposition.  It  is  resolved  into  iodine  and 
nitroharmine  by  boiling  with  alcohol,  and  moro  quickly  with  dilute  sulphuric  add.  It 
appears  to  form  a  ciystalline  salt  with  hydrochloric  add.  It  dissolves  abo  in  acetic  and 
hydrocyanic  adds,  and  these  solutions  yield  oystalline  compounds. 

BBOMOWiTEOHABMntt.  C»"H»«BrN»0»  -  C>«H"Br(NO»)NK).  Bronumitrokarmidine,^ 
When  bromine-water  is  added  to  a  very  dilute  solution  of  a  salt  of  nitroharmine,  the 
smell  of  bromine  disappears  immediately,  and  on  addition  of  ammonia,  bromonitro- 
harmine  is  predpitatea  and  may  be  purified  by  recrystallisation  from  alcohoL  It  re- 
sembles chloronitroharmine,  forms  salts  with  adds,  and  unites  with  bromine  and  iodine. 

The  dihroTnidey  C''H'*BrNK)*3r',  is  formed  on  adding  bromine-water  in  moderate 
'excess  to  a  solution  of  bromonitroharmine  in  weak  alcohol,  and  separates  on  cooling 
and  stirring  the  liquid,  in  yellow  microscopic  needles. 
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12  HARMOTOME. 

Cra/jRONiTBOttiBKnaL  C"H>»C1NH)»  -  C»"H»K)1(N0«)NH).  ChhronitroharmUine. 
(Fritz ache,  Petersb.  Acad.  BuU.  xiL  226;  Ann.  Ch.  Pharni.  xdL  830). — Prodnced 
'  by  tho  action  of  chlorine  on  nitroharmine,  or  of  nitromuriatio  add  on  harmalina 

Preparation, — 1.  When  chlorine-water  is  added  to  aqneons  hrdrochlorate  or  acetate 
of  nitroharmine,  or  chlorine  gas  is  passed  into  the  solution  till  the  smell  of  chlorine 
becomes  permanent,  chloronitroharmine  separates  in  the  form  of  a  jeUy.  If  the 
action  of  the  chlorine  be  too  long  continued,  a  yellow  resin  is  produced.  The  mixture 
is  heated  to  boiling,  and  the  resulting  solution  is  precipitated  dy  the  cautious  addition 
of  ammonia^  drop  by  drop,  with  constant  stirring.  A  more  or  less  crystalline  product 
is  thus  obtained,  whereas,  from  cold  solutions,  a  jelly  is  precipitated,  which  is  difficult 
to  wash. — 2.  A  solution  of  1  pt.  harmaline  in  2  pts.  water  and  the  requisite  quantity 
of  acetic  acid,  is  poured  into  12  pts.  of  boiling  nitric  acid  of  specific  grarilj  1*40,  and 
2  pts.  of  fuming  hydrochloric  acid  are  added  to  the  mixture ;  or  the  harmalme  solution 
is  poun^  into  the  boiling  mixture  of  the  two  scids.  The  liquid  becomes  red-brown, 
froths  up  strongly,  and  evolves  a  volatile  substance  which  attacks  the  eyes,  but 
deposits  nothing  but  resin  on  cooling.  In  order  to  separate  the  dissolved  chloronitro- 
harmine, a  solution  of  sal-ammoniac,  cooled  by  placing  lumps  of  ice  in  it,  is  ponivd 
into  the  liouid ;  this  is  diluted  with  about  an  equal  biulc  of  water ;  and  caustic  soda  ia 
then  added,  until  it  smells  strongly  of  ammonia,  whereby  an  abundant  precipitate  of 
impure  chloronitroharmine  is  thrown  down.  The  product  is  washed  with  dilute 
hydrochloric  acid  and  heated  with  water ;  the  solution  freed  by  filtration  from  undis- 
solved resin,  and  precipitated  by  gradual  addition  of  ammonia;  and  the  -precipitate 
purified  by  crystallisation  from  hot  alcohol  The  crude  chloronitroharmine  may  also 
be  dissolved  in  boiling  water,  with  addition  of  just  the  necessary  quantity  of  nitric 
acid,  and  precipitated  as  nitrate  from  the  cooled  filtrate  by  addition  of  nitric  acid  in 
excess ;  this  salt^  after  being  washed,  may  be  dissolved  in  hot  water,  and  pure  chloro- 
nitroharmine precipitated  £rom  the  boiling  filtered  solution  by  means  of  caustic  ammonia. 

Chloronitronarmine  forms  a  bright  yellow,  brittle  mass,  composed  of  very  fine 
needles,  which  cannot  be  dbtinctly  perceived,  even  under  a  magnifying  power  of  300. 
Ammonia  precipitates  it  from  cold  solutions,  as  an  almost  transparent  deep  yellow,  very- 
bulky  jelly,  which  shrinks  very  much  on  drying.  It  is  tasteless  in  the  solid  states 
slightly  bitter  and  rough  in  solution.  It  gives  off  11*4  per  cent  water  at  100^  C. 
(2  at  a  10*98  per  cent),  and  becomes  orange-yellow.  It  dissolves  but  slightly  in 
cold  water;  more  abundantly  in  boilinff  water,  forming  a  yellow  solution;  with 
moderate  fiicility  in  boiling  alcohol ;  slighuy  in  etJier ;  abundantly  in  boiling  coal-tar 
naphtha,  and  in  rock-oil. 

Chloronitroharmine  dried  at  100^  C.  leaves  a  reddish-yellow  residue  when 
alcohol  or  coal-tar  naphtha  is  poured  upon  it,  but  dissolves  completely  when  boiled 
with  dilute  nitric  acid. — Solution  of  iodine  converts  it  into  di-iodide  of  chloronitro- 
harmine. When  mixed  with  solution  of  iodide  of  potassium,  and  then  with  nitric 
acid,  it  deposits  a  deep  blue  precipitate. 

Chloromtroharmine  tinites  witk  adds,  forming  yellow  salts.  When  boiled  with 
solution  of  sal-ammoniac,  it  slowly  dispUces  a  trace  of  ammonia. 

The  Jkydroehloraie,  obtained  by  adding  hydrochloric  add  in  excess  to  a  solution  of 
the  base  in  hot  alcohol,  forms  fine  oapillaiy  crystals  moderately  soluble  in  water.  It 
is  precipitated  from  its  aqueous  solution  by  a  laive  excess  of  hydrochloric  add,  as  a 
yeuow  jelly ;  by  chloride  of  sodium  in  white  flocks.  On  mixing  the  hot  alcoholic 
volutions  of  this  salt  and  tetrachloride  of  platinum,  eUorop/nttnate  of  chloronitro* 
karmine,  2(C"H'»ClNH)*.HCl)PtCl*,  is  deposited  on  cooling  in  fine  yellow  prisms. 

The  nitrate  forms  stellate  gr3ups  of  slender  needles.  A  perfectly  neutral  solution 
of  this  salt  mixed  with  ammonio-nitrate  of  silver,  yields  a  predpitate  consisting  of  a 
compound  of  chloronitroharmine  with  nitrate  of  silver. 

Sulphates. — ^A  solution  of  chloronitroharmine  in  warm  alcohol  containing  sulphuric 
add  aepodts  the  neutral  sulphate  on  cooling,  in  spherical  groups  of  capilhuy  needles. 
From  a  hot  aqueous  solution  the  salt  is  deposited  in  light  yellow  gelatinous  flocks. 
The  aeid  sulphate  separates  slowly  in  needles  from  a  hot  concentrated  alcoholic 
solution  of  the  neutral  salt  mixed  with  excess  of  sulphuric  acid. 

Bi- iodide  of  Chloronitroharmine,  C*"H'*C1N"0M*,  separates  in  slender 
needles  resembling  di-iodide  of  nitroharmine,  from  a  mixture  of  the  hot  solutions  of 
iodine  and  chloronitroharmine  in  alcohol  or  in  coal-tar  naphtha.  It  is  more  soluble 
in  alcohol  than  the  di-iodide  of  nitroharmine,  and  dissolves  easily  in  warm  alcoholic 
hydrocyanic  add,  separating  in  rounded  granules  on  cooling. 

KAXMOTOBKS.  This  term  indudes  two  isomorphous  mineral  spedes,  identical 
in  crystalline  form,  viz. :  Baryta-harmotome^  and  lAme-harmotome. 

Baryta^bamiotoiiiei  also  called  Cross»'Stone,  Staurolite^  Andrealite^  Andreas^ 
bergoHte,  Morvenite, — Crystals  belonging  to  the  trimetric  system,  being  generally 
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rpctangulftr  prisms  with  four-sided  summits  set  upon  the  lateral  edges.  Oroinaiy 
combination,  P  .  oo^^oo  .  ooPoo  .  I*ao  (like/y.  528),  often  without' I^oo .  Katio  of  the 
axes:  a  :  6  :  c  »  0-9781 :  1 :  0*684.  For  F,  the  angle  of  the  terminal  edges  in  the 
brachjdiaconal  section  ->  121^  28',  in  the  maciodiagonal  section,  •-  120^  1  ;  and  the 
angle  of  the  lateral  edges  (in  a  section  parallel  to  the  base])  is  88^  44'.  GleaTa|;e  most 
distinct  parallel  to  oo^oo .    The  crystals  are  generally  twins,  inserted  crosswise  into 


Fig,  628. 


Fig.  629. 


/^ 


•P» 


V^ 


one  another,  as  shown  in  fig.  629,  in  which  the  faces  ooPoo  are  denoted  by  fi,  and 
odJ^oo  by  m.  For  distinctness,  the  faces  of  one  of  the  crystals  are  shaded  (Kopn, 
Kfyaiailograpkie,  p.  263).  Rarely  massive.  Specific  gravity  -  2-89  to  2-498.  Hard- 
neiis  -  4*5.  Lustre  vitreous.  Colour  white,  ptissing  into  grey,  jellow,  red,  or  brown. 
Streak  white.  Subtransparent  to  translucent  Fracture  uneven,  imperfectlv  conchoTdal. 
Brittle.  Melts  without  intumescence  before  the  blowpipe,  formiM  a  white  globule. 
When  finely  pounded  it  is  decomposed  completely,  though  with  difliculty,  by  hydro- 
chloric acid. 

The  following  are  analyses  of  baiyta-harmotome : — fl,  ttom  Oberstein ;  5,  from  Stron- 
tinn  (Kohler,  Pogg.  Ann.  xxxvii.  661);  <?,  from  Strontian  (Conn ell,  Ed.  N.  PhiL  J., 
1832,  July,  p.  83);  d,  Morvenite,  from  the  same  (Dam our,  Ann.  Min.  [4]  ix.  339); 
«,  from  Andreasberg;  /,  firom  Strontian  (Rammelsberg,  MinfroUkemie,  p.  821). 
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46-66 
16-64 
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47-04 
16-24 

0-24 
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1-72 
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47-60 

1639 

0-65 

20-86 

1-56 
14-16 


48-74 
17-66 


/• 
4849 
16-36 


19-22         20-08 


14-66 


99-76        99-96       10011       10121       10027 


207 
13-00 
99  99" 


These  analyses  waj9t  pretty  nearly  with  the  formula  BaO.AlH)\5SiO'  +  511-0 
(Kammelsberg).  which  requires  46*65  per  cent,  silica,  15*56  alumina,  23*79  baryta, 
and  14-00  water  (the  other  constituents  being  regarded  as  adventitious),  and  by  sub- 
stituting /?/  s  }  AI.  and  regarding  2  at.  hydrogen  as  basic,  this  formula  becomes 
(Ba"fl/'H»)Si*0»*.4H«0,  which  is  reducible  to  M«SiO«.{H«0,  the  formula  of  a  metasili- 
cate. 

The  composition  of  the  mineral  hes,  however,  been  hitherto  generally  represented 
by  the  formula  BaO.APO*.Zt^iO^  +  5HO,  or  2(BaO.ATO').9SiO«+ lOH-O;  but  this 
fnrmula  gives  only  44  per  cent,  silica,  which  is  considerably  below  that  of  all  analyses 
which  have  been  made  of  the  mineral. 

Baryta-harmotome  occurs  at  Oberstein  in  Zweibriicken,  in  siliceous  eeodes ;  at 
Andreasberg  in  the  Hartz ;  at  Strontian  in  Argyleshire ;  in  Norway  on  gneiss ;  and  in 
simple  crystals  with  analcime,  in  the  amygdaloid  of  Dumbartonshire.  The  variety 
called  MorveniUf  distinguished  by  the  greater  brilliancy  of  its  crystals,  is  also  found  at 
Strontian.    (Dana,  ii.  323;  Gm.  iii.  446.) 

Xdme-lianiiotoine  or  PotasK-karmotomef  PhUlijmU^  Chriatianitf. — Isomorphous 
with  the  preceding,  occurring  also  in  twins.  Specific  gravity  i-  2*2  to  2-213.  Hard- 
ness i«  4  to  4*6.  Lustre  vitreous.  Colour  white,  sometimes  reddish.  Streak  unco- 
loured.  Translucent — opaaue.  Before  the  blowpipe  it  intumesces  slightly,  ^Tes  aft 
water,  and  melts  to  a  translucent  glass.  Hydrochloric  acid  decomposes  it  easily,  with 
separation  of  gelatinous  silica. 

The  following  are  analyse;)  of  lime-hannotome:—- /7,  firom  Annerode  near  Giessen 
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(Weroekink, Oilb.  Ann. IxzYi.  171,836);  6,fit>m6tempelnearMftrbiixg(L.Gmel 
Leonh.  Zeitschr.  f.  Min.  1826,  i.  8);  e,  from  the  same;  d,  £rom  Habiohtswalde,  m 
Cassel  (Eohler,  Fogg.  Ann.  xzzvii.  661);  e,  from  the  Giant't  Coufleway  (Conne 
Edinb.  PhiL  J.  XXX7.  873). 
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48*36 

48-51 

60-44 

48-22 

47-36 

A1«0«     .    .    . 

.    2000 

21-76 

21-78 

23-33 

21-80 

FeW     .    .    .    . 

0*41 

0*99 

,     , 

3-70 

CaO       ... 

.      6-91 

6-26 

6-60 

V-22 

4-86 

KK)       ,    .    . 

6-41 

633 

8-95 

8-89 

6-66  Na*0 

BaO       ... 

0-46 

H«0       ... 

.     1709 

17-23 

16-81 

17*66 

16-96 

98*64 

10108 

99-48 

100-22 

100-21 

The  composition  of  lime-harmotome  has  been  represented  by  seyeral  different  foimn 
The  quantities  of  caldnm  and  potassium  contained  in  it  are  somewhat  rariable,  but 
composition  appears  to  be,  for  the  most  part,  that  which  is  expressed  by  the  formi 

^]^^|.3AIK)M2SiO»+  16H»0  (60-2  per  cent  SiO«,  21-3  A1K)«,  70  CaO,  6-6  K«0,  a 

16-0  water),  which,  by  substitution  of  ol  for  |A1,  as  before,  becomes  (Ca*K«fl/»)Si'*C 
16H«0,  and  is  reducible  to  the  general  formula  M«*Si>«0".16H*0,  or  M*SiO*.5H' 
which  is  that  of  a  metasilicate,  and  differs  from  the  general  formula  of  baryta-ham 
tome  only  in  its  amount  of  water. 

Lime-harmotome  occurs  in  the  amygdaloid  of  the  Giant's  Causeway,  in  large  trai 
parent  crystals.  It  is  also  found  in  Iceland;  among  the  Yesuvian  laTss ;  in  sheaf-li 
aggregations  at  Capo  di  Bore,  near  Bome ;  and  in  long  radiating  ciystals  at  Aci  Caste! 
in  Sicily,  and  other  localities.  (Dana,  ii.  324;  Bammelsberg,  Mineralchemie,  p.  81 

BAXXnrOTO  VIT8.    See  Natboutb. 

BASaUSZTS.  A  Tariety  of  cuprous  sulphide,  Cu^S,  occurring  in  the  Cant 
mine,  Geoigia,  in  aystals  belonging  to  the  regolar  system,  and  cleaving  parallel  to  t 
faces  of  a  cube  ^Shepard,  Jahresb.  f.  Chem.  1867,  p.  666).  Genth  (SiU.  Am.  J.  [ 
xxiL  449)  regaros  it  as  a  pseudomorph  of  copper-glance  after  galena. 


C"ff '0.    PstUyrifi. — ^A  fossil  resin  resembling  hartite.    Massiye,  \ 

crystallisAs  from  rock-oil  in  needles  belonging  to  the  trimetric  system.    White ;  des 
tut<>  of  taste  and  smelL    Fulrenses  between  Vie  fingers.    Melts  at  210°  C,  and  dist 
at  260°.    Slightlj^  soluble  in  ether.    GKves,  by  analysis,  78*06  per  cent.  C,  10*92 
and  11*02  0.    It  is  found  in  the  lignite  of  Oberhart^  Austria.  (Schrot  t  er,  Fogg.  Ai 
liv.  46.)  ^ 


C*H». — Another  fossil  resin  from  the  lignite  of  Oberhart  Obliq| 
prisms  belonsing  to  the  monodinic  system.  Cleavage  only  in  traces.  Specific  gray] 
1*046.  Hardness  ■■  1.  White,  with  a  somewhat  greasy  lustre.  Translucent.  Britt 
Melts  at  74°  C,  and  distils  at  higher  temperatures.  Dissolves  easily  in  ether,  h 
readily  in  alcohol,  and  ciystallises  from  each  solution  by  evaporation  (Haiding< 
Fogg.  Ann.  hv.  261).  Gives,  by  analysis,  87*47  per  cent  C  and  12*06  H.   (Schro  tte: 

BATOBBTTI V  or  Mineral  Tallow^  a  fossil  resin  occurring  in  the  coal  measui 
of  Glamorganshire ;  crystallised  and  amorphous  in  thin  lamin» ;  like  wax  or  sperm 
ceti  in  consistence.  Specific  gravity  0*916  at  16*6°  C.  White  and  transparent,  wi 
nacreous  lustre,  but  becomes  bbck  and  opaque  by  long  exposure.  Greasy  to  the  tone 
Melts  at  46°  C.  Distils  without  change  when  cautiously  heated.  Dissolves  sparing 
in  boilinff  alcohol,  and  separates  on  cooling;  sparingly  also  in  cold  ether,  more  easi 
in  hot  e&ec  Gives,  by  analysis,  86-9  per  cent,  carbon  and  14*6  hydrogen  (  »  100*^ 
(Johnston,  FhiL  Ma^.  xii  338.) 

A  similar  substance  is  found  at  Bossitz,  in  Moravia.  Specific  gravity,  0-892.  Har 
nees  «  1.  A  variety  from  Loch  Fyne,  near  Inverness,  melts  at  47°  C.  Another  alii* 
mineral  from  Merthyr  Tydvil,  melts  at  76*6°  C. 

BAVXBZTB.  Native  disulphide  of  manganese,  MnS*,  found  at  Kalinka,  in  Hui 
gary.    (See  Maxgambsb,  Sulphidbs  of.) 

BAVSMAmZTS.  Native  manganoso-man^nic  oxide,  MnCMnK)*,  or  Mn'O 
found  at  Ilmenau  in  Thuringia,  at  Ihl^eld  in  the  Harts,  and  one  or  two  other  local 
ties.    (See  Manoakbsb,  Oxmss  of.) 

WULVmnL  A  mineral  consisting  of  silicate  of  aluminium,  sodium,  and  calciui 
with  sulphate  of  calcium,  occurring  in  the  lavas  of  Vesuvius,  on  Somma,  and  on  tl 
basalt  of  Niedermendig,  near  Andemach,  on  the  Bhine.  It  crystallises  in  rhomb 
dodeoUiedzons,  with  cleavage  parallel  to  the  £aces,  sometimes  distinct ;  commonly  i 
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ci7»Ulline  graiot.  Specific  gnvitj  2'i  to  2*6.  HardiMtt  6*5.  Luctre  TBrying  from 
vitreous  to  greasy.  Colour  bright  blue,  occasiooftlly  afparaffus-green.  Streak  blnish- 
vhite.  Snbtransparent  to  traoalncent  Fracture  flat^concho'uial  to  uneven.  Before 
the  blowpipe  it  decrepitates  and  fuses  slowly  to  an  opaque  white  or  greenish-blue 
glass,  ^erresces  with  borax,  and  forms  a  ^^lass  which  is  yellow  when  cold.  The 
finely  pulyerised  mineral  dissolyes  completely  in  hydrochloric  acid,  the  liquid  deposit- 
ing geUtanous  silica  when  evaporated. 

The  composition  of  hanyne  has  been  variously  stated.  From  the  analyns  of  the 
mineral  from  Mont  Albano,  Whitney  (Poffi.  Ann.  Ixx.  481)  deduced  the  formula 
3(Na*0 JLl«0".2SiO«)  +  2(CaO.SO»),  or  8(NaaP)SiO*.CaSO* ;  from  that  of  hauyne  from 
Sommm,  Bammelsberg  calculates  the  formula  2(Na*OJUK)'.2SiO*) -i- (CaO.SO*),  or 
4{Naa^)SiO*.CaSO^.  The  following  table  exhibite  the  numbers  deduced  from  these 
fbrmultt,  together  with  the  results  of  the  corresponding  analyses : 


Calc.          AiulTrif. 

Smmma, 

Calc.           Anliffdi. 

6SiO« 

.    8220           82-48 

4SiO«     . 

.     84-29          8406 

280» 

.    14-81          12-98 

S0« 

.     11-43           11-26 

8A1«0« 

.    26-88          27-76 

2AIH>»  . 

.    28-67          27*64 

2CaO 

.     1(H)2            9-96 

CaO       . 

.      8-00           10-60 

8Na«0 

.     16-64          14-24 

2Na«0    . 

.     17-71          11-79 

K«0 

.      .    .             2-40 

K«0       . 

.      .    .             4-96 

10000          99-81 

10000        100-30 

Aeooxding  to  these  fbrmulft,  hauyne  is  allied  to  nosean,  sodalite,  and  ittnen'te,  all  of 
which  are  silicates  of  the  form  MH).Al*0'.2SiO*,  easily  reducible  to  an  orthoailicate, 
(Miii*)SiO^  [oT  »  ^  »  9*1].    The  formulae  of  these  minerals  are  in  fieict : 

Hauyne:  ^^  *|Ma«JiO«  .  CaSO« 

Sodalite:         8Ma2*SiO« .  NaCl 

Koeean:  6Mai>SiO' .  Ka*SO' 

Ittnerite :        6Ma/>8iO« .  (GaSO« ;  Naa)  +  6H*0 

Hauyne  from  Niedermendig  contains,  according  to  Whitney,  88-90  SiO*;  12*01  80«; 
2807  A1*0*;  760  CaO  and  19*28  Na*0  -  100-73,  and  is  composed  of  1  molecule  of 
noseau  and  2  molecules  of  the  Albano  hauyne.  The  blue  colour  of  hauyne  appears 
to  arit«  from  a  small  quantity  of  a  metallic  sulphide  similar  to  that  which  gives  the 
colour  to  ultramarine.  All  specimens  of  hauyne,  when  treated  with  hydrochlorie 
acid,  give  off  at  least  a  trace  of  sulphydric  acid.  (Dana,  ii.  230 ;  Handw.  d.  Chem. 
uL  832.) 

BAimrorarm.  A  name  applied  to  the  lava  of  Melfi  on  the  Yulturo.  This 
lavH  is  black  or  brown,  and  contains  hauvne  of  various  colours,  and  augite  in  slender 
needles.  It  is  strongly  attacked  by  ados.  When  it  is  treated  with  an  equal  weight 
of  a  mixture  of  2  pts.  hydrochloric  add  and  1  pt  water,  30*2  per  cent  remains  unde- 
composed,  consistinff  mainly  of  augite  containing  a  large  proportion  of  iron.  The 
hauyne  amounts  to  22  per  cent    (Bammelsberg,  Juhresb.  1860,  p.  807.) 

•  Yellowish  chabasite,  fh)m  Jones's  Falls,  Maryland.  (SeeCHABASiTB.) 

(Syn.  with  Bobocalcxtb.) 

Pseudomorphous  quarts,  ftom  the  mine  of  magnetic  iron  at  Hay 

Tor,  in  Devonshire.    It  has  the  form  of  datholite,  and  contains  98*6  per  cent,  silica 
and  0-2  ferric  oxide. 


LT.  The  word  Hoat  is  used  in  common  lanyiage,  both  as  the  name  of  a 
particular  kind  of  sensation,  and  to  denote  that  condition  of  matter  in  which  it  is 
capable  of  producing  this  sensation  in  us.  Any  influence  whereby  external  oljects 
are  renderea  hot^  or  capable  of  exdting  the  sensation  of  heat,  causes  tbem  at  the  same 
time  to  undergo  other  changes,  which,  being  independent  of  the  varying  condition  of 
our  bodies,  am>rd  much  more  certain  and  more  exact  indications  as  to  the  condition  of 
heat  than  is  ftimished  by  the  sense  of  touch.  Indeed,  strictly  speaking,  our  sensations 
bear  no  direct  testimony  with  resard  to  the  absolute  degree  of  hotness  of  external 
objects,  but  rather  to  the  fact  of  Uieir  imparting  heat  to  our  bodies,  or  removing  heat 
from  them.  When  these  effects  are  produced  in  a  moderate  degree,  we  experience  the 
sensations  of  heat  and  cold  respectively ;  when  the  loss  or  gain  of  heat  by  our  bodies 
is  more  rapid,  it  no  longer  produces  any  sensation  to  which  a  definite  name  can  be 
assigned,  but  simply  a  feeling  of  pain ;  and  the  very  rapid  passa^  of  heat  dther  into 
or  out  of  our  bodies,  causes  a  wound  which  is  of  the  same  kind  in  either  case.  The. 
direct  evidence  of  our  senses  with  respect  to  the  heat  of  external  objects  is  therefiNre 
confined  within  comparatively  narrow  limits.    Moreover,  it  is  not  always  of  the  same 
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kind,  even  with  respect  to  bodies  in  the  same  condition,  as  is  easily  proved  bj  { 
one  hand  into  hot  water  and  the  other  into  cold  water,  and  after  a  snort  time  i 
ing  both  and  plunging  them  into  lukewarm  water,  which  will  then  feel  cold  to  th 
which  was  prerionsly  in  hot  water,  bat  warm  to  the  other. 

The  most  important  of  the  other  properties  of  the  condition  of  matter  const] 
heat,  besides  producing  the  sensation  denoted  by  the  same  word,  are  the  foUowii 

1.  Heat  imparted  to  any  body  raises  its  temperature,  that  is,  it  not  only  cans 
body  to  produce  t^e  sensation  o(  heat  in  a  more  marked  degree,  but  its  tende 
imoart  the  property  of  so  doing— in  other  words,  its  tendency  to  impart  heat — tc 
bodies  is  increased. 

2.  It  modifies  the  relations  between  the  density  and  elasticity  of  subetanc* 
general  law  being,  that  the  hotter  a  body  is,  the  less  is  its  elasticity  o/fiavre,  oi 
ency  to  preserve  a  definite  form  and  arrangement  of  parts,  and  the  greater  is  its  ela 
of  volume,  or  tendency,  if  solid  or  liquid,  to  preserve  a  definite  volume,  and  if  g 
to  expand  indefinitely. 

8.  Heat  causes  soud  bodies  to  become  liquid,  and  liquid  bodies  to  become  ga 
The  amount  of  heat  reouired  to  produce  these  changes  in  any  body  varies  wi 
special  nature  and  with  other  circumstances,  but  they  take  place  always  and  w 
exception,  in  the  same  order;  that  is,  the  solid  state  luways  oorresponds  to  the  ] 
degree  of  heat,  the  gaseous  state  to  ihe  highest  degree,  and  the  liquid  state 
intermediate  degree. 

4.  Heat  causes  chanffes  in  the  chemical  composition  of  bodies,  and  also  in 
electrical,  magnetic,  and  optical  properties. 

The  capacity  of  heat  t^us  to  effect  changes  characterises  it  as  a  form  of  en i 
capable  of  being  measured  and  expressed  as  a  quantity,  in  terms  of  one  or  other  c 
directly  measurable  effects  which  it  produces.  When  t^us  expressed  as  a  qua 
the  condition  of  heat  is  found  to  be  subject,  like  other  forms  of  energy  (mechi 
energy,  for  example),  to  a  law  of  conservation ;  that  is,  if  in  any  system  of  b 
no  heat  is  expended  or  produced  through  changes  other  than  changes  of  tempen 
then  t^e  total  quantity  of  heat  in  the  8;^em  cannot  be  changed  by  the  mutual  a* 
of  the  bodies,  but  what  one  loses  ano^er  gains ;  and  if  there  are  changes  other 
changes  of  temperature,  then  if  by  those  changes  the  total  heat  of  the  system  is  chi 
in  amount^  that  change  is  compensated  exactly  by  an  opposite  chance  in  some  other 
of  energy.  (See  Bankine,  A  Manual  of  the  Steam  Engine  and  other  Prime  3f 
ed.  1861,  §  196,  pp.  224,  225.) 

Hence  it  follows  that  heat  mav  be  produced  by  the  reversal  of  its  effects :  a 
instance,  l^  the  conversion  of  a  uquid  body  into  a  solid,  or  of  a  gas  into  a  liquid 
the  compression  of  a  ^;as,  so  as  to  make  it  occupy  a  smaller  bulk ;  b^  the  transmii 
through  the  point  of  junction  of  two  dissimilar  metals,  of  an  electnc  current  op[ 
in  direction  to  that  which  would  be  produced  by  the  application  of  heat  at  the 
pomt ;  by  the  union  of  oxygen  and  hydrogen  so  as  to  form  water,  the  effect  of 
upon  water  being  to  resolve  it  into  oxygen  and  hydrogen  gases,  &c  &c 

Similarly,  heat  may  be  caused  to  disappear— in  other  words,  cold  may  be  prodnc 
when  a  change,  such  as  heat  is  capable  of  producing,  is  brought  about  by  other  mi 
as  when  a  soHd  is  liquefied  by  solution,  or  when  a  liquid  is  vaporised ;  when  a  g 
expanded ;  when,  through  the  point  of  junction  of  two  dissimilar  metals,  an  eh 
current  is  transmitted  in  the  same  direction  as  that  which  would  be  produced  bj 
application  of  heat  at  the  same  pointy  &c.  &c 

The  reversal  of  any  of  its  effects  does  not,  however,  necessarily  and  under  aU 
cumstances,  cause  heat  to  be  produced :  instead  of  it  an  equivalent  of  some  other  foi 
energy  mav  be  generated;  thus,  in  Grove's  gas-battery  (Electricitt,  ii.  430)  the  prii 
result  of  the  combination  of  oxygen  and  hydrogen  gases  is  not  the  evolution  of 
quantity  of  heat  which  would  be  required  to  decompose  the  water  formed,  but  o: 
equivalent  amount  of  electrical  energy.  Neither  is  the  disappearance  of  heat  alv 
a  necessary  consequence  of  the  production,  bv  other  means,  of  changes  such  as  m 
be  brought  about  by  the  action  of  heat  itself :  for  example,  in  the  decompositic 
water  by  Uie  electric  current,  there  is  no  disappearance  of  heat,  but  there  is  ezpei 
an  amount  of  electrical  energy,  equivalent  to  the  heat  which  would  otherwise  I 
been  required  to  effect  the  same  decomposition.  Further,  the  most  familiar  and  i 
practiouly  important  processes  by  whi(^  heat  is  produced,  such  as  combustion,  frid 
and  percussion,  are  not  such  as  can  be  directly  reversed  by  the  action  of  heat 

On  the  other  hand,  heat  being  a  form  of  energy,  every  source  or  store  of  en( 
may  be  considered  as,  directly  or  indirectly,  a  source  of  heat.  The  sources  of  ] 
available  to  man  may  therefore  be  classified  as  follows : 

1.  The  Sun.  According  to  Pouillet,  the  total  heating  effect  of  the  sun's  rays  i 
ing  perpendicularlv  during  1  minute  upon  one  square  centimetre  of  the  earth's  surf 
including  the  portion  absorbed  by  the  atmosphere,  amounts  to  1-7633  times  the  qii 
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Hty  of  heat  required  to  raise  the  temperatore  of  1  grm.  of  water  1  degree  centigrade, 
or  to  1*7638  gramme^egrees.  The  mean  heating  effect  on  cneh  square  centimetre  of 
the  earth's  muhee,  for  every  mimite  daring  24  hours,  is  therefore  «  0*4408  gramme- 
degree  ;  or  the  total  effect  during  one  year  is  232,000  gramme-degrees  *  Aceordmg 
to  these  data,  the  whole  quantity  of  heat  received  by  the  earth  from  the  »un  in  onv 
year  would  be  sufficient  to  melt  a  kyer  of  ice  over  the  whole  surikce  of  the  earth  of 
32  metres  (or  36  yards)  in  thickness.  The  whole  of  this  supply  of  heat  (which  is  lees  than 
the  2,800  millionth  part  of  the  total  heat  emitted  by  ihe  sun)  is  not,  however,  directly 
available  as  such.  According  to  Pouillet,  nearly  one-half  is  absorbed  by  the  atmo- 
sphere, and  of  the  heat  so  absorbed  a  considemble  proportion  goes  to  supply  the 
mechanical  enersy  of  air  in  motion,  or  wind,  and  thus  ceases,  at  least  for  a  time,  to 
exist  as  heat  Another  portion  is  expended  in  causing  the  evaporation  of  water  from 
the  ocean  and  from  the  moist  surface  of  the  land :  as  will  be  shown  in  the  sequel,  a 
great  part  of  this  heat  reappears  when  the  evaporated  water  is  returned  to  the  earth 
as  rain  or  otherwise ;  but  tne  remainder  is  retained  in  a  modified  form  in  water  which 
is  deposited  at  a  higher  level  than  that  from  which  it  was  evaporated,  and  so  fomishes 
the  mechanical  energy,  or  water-power,  of  rivers  and  falling  water.  Still  another 
portion  of  the  total  energy  of  the  sun's  rays  is  absorbed  by  growing  plants,  enabling 
them  to  convert  carbomc  acid  and  water  into  woody  fibre :  our  ormnary  modes  of 
obtaining  artificial  heat — namely,  by  the  combustion  of  wood  and  coal — are  processes 
in  which  the  heat  thus  absorbed  is  liberated  by  the  reversal  of  the  chemical  changes 
which  take  place  in  plants  while  living.  The  warmth  and  mechanical  force  of  animals 
are  also  derived,  through  the  vegetable  food  which  they  consume,  from  the  same  source, 
whence  are  likewise  derived,  directly  or  indirectly,  our  chief  supplies  of  electrical  energy. 

2.  The  internal  heat  of  the  earth.  This  we  may  consider  as  of  two  kinds :  the 
actual  heat,  of  which  there  is  evidence  in  hot  springs  and  volcanoes,  as  weU  as  in  the 
comparatively  high  temperature  of  deep  mines;  and  the  potential  heat  stored  up  in 
combustible  minerals.  By  far  the  most  important  store  of  potential  heat,  namely,  eoal, 
represents,  as  we  have  already  seen,  a  portion  of  the  energv  of  the  sun's  rays  which 
reached  the  earth  during  the  growth  of  the  plants  from  which  it  has  been  formed. 

3.  The  tidal  wave,  caused  by  the  earth's  aiumal  rotation,  combined  with  the  mutual 
motions  of  the  earth,  moon,  and  sun,  is  a  source  of  heat  which  might  be  rendered 

Eractically  available,  by  causing  water-wheels,  driven  by  the  tidal  waters,  to  generate 
eat  hy  friction. 

4.  The  /all  of  meteoric  stones  is  a  source  of  heat,  practically  insignificant,  so  far  as 
the  earth  is  concerned,  but  which  has  been  supposed  to  play  an  important  part  in  the 
maintenance  of  the  heat  of  the  sun. 

(On  the  possible  sources  of  energy  available  to  man,  see  W.  Thomson,  FhiL  Mag. 
[4]iv.259.)  . 

On  thb  Mxasurxmbnt  op  Hbat. 

Before  we  can  proceed  further  in  the  study  of  the  properties  and  effects  of  heat,  it  is 
necessary  that  we  should  have  some  means  of  measuring  and  comparing  different 
quantities  of  it  As  already  stated,  quantities  of  heat  may  be  expressed  in  terms  of 
any  of  its  directly  measurable  effects ;  but  that  one  which  is  usually  the  most  easily 
and  accurately  observable  is  alteration  of  temperature,  and  hence  quantities  of  heat 
are  commonly  defined  by  stating  the  extent  to  which  they  are  capable  of  altering  the 
temperature  of  a  known  weight  (such  as  I  grm.)  of  a  known  substance  (for  instance, 
water)^  Accordingly,  the  unit  of  heat  which  wiU  be  employed  in  this  article  is  the 
quantity,  already  spoken  of  as  a  gramme-degree,  which  is  required  to  raise  the 
temperature  of  1  gramme  of  water  from  0°  to  I*'  centigrade.  Heat  is,  however, 
capable  of  causing  other  alterations  in  the  condition  of  bodies,  such  as  the  lioue- 
foction  of  solid  substances,  without  at  the  same  time  causing  any  alteration  in  tneir 
temperature;  hence,  another  way  in  which  a  quantity  of  heat  mapr  be  defined  is 
by  stating  the  amount  of  some  known  solid  (ice,  for  example)  which  it  is  capable 
of  liquefying,  without  causing  any  change  in  its  temperature.  Quantities  of  heat 
can  also  be  expressed  in  terms  of  the  mechanical  or  electrical  energy  to  which 
they  are  equivalent ;  but  as  neither  motion  nor  electricity  can  be  generated  by  heat 
without  the  simultaneous  expenditure  of  a  greater  or  less  quantity  in  ch  using  a  rise  of 

<  Th«  toUl  qoAntity  of  beat  recaived  io  a  mioate  by  «  hemisphere  of  the  r«rth'«  stirface  it  the  Mn>« 
M  ihat  which  woold  foil  on  the  gre«t  circle  forming  tne  projection  of  that  hem iiphere— that  it  to  tay, 
17683  vR' gramme-degreet  (the  radiut  being  meatui  ed  in  centimetres).  Hence,  supposing  the  heat 
to  be  uniformly  distributed  over  this  surface,  the  quantity  received  in  a  mtnuttf  by  each  square  centi- 
metre of  surface  Is 

^^^^I^*    s  0*4408  gramme-degrees; 

and  as  the  earth  performs  1U  rotation  In  34  hours  and  the  year  contains  365  days.  It  follows  that 
the  mean  amount  of  heat  received  In  a  year  by  each  rquare  centimetre  of  the  earth's  surteea  le 
••4408  x60x  Mxa66,orln  round  numbers,  212.000  gramme  degrees. 
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temperature  in  material  labstancefl,  and  ainoe,  therefore,  the  whole  of  a  given  c 
can  never  be  transfoimed  without  loss  into  these  other  Ibnns  of  enem,  thejj 
serve  for  the  direct  measurement  of  heat  And  in  huet,  whatever  mode  of  measi 
is  adopted,  it  is  always  necessary  to  take  account  of  the  temperature  of  the 
whose  heat  is  to  be  estimated,  luid  of  those  which  are  influem^  by  them,  i 
that  we  may  know  the  extent  to  which  their  temperature  is  altered;  or  on  tl 
hand,  diat  we  may  convince  ourselves  that  no  such  alteration  takes  place.  T] 
suremept  of  temperature^  or  tkermometfy,  is  therefore  a  necessazy  proliminar] 
measurement  of  heat,  or  eatorimetry. 

Tliermometvy. — ^Temperature,  or  hotness,  has  already  been  defined  as  the  tc 
of  one  portion  of  matter  to  part  with  heat  to  other  portions,  and  has  been  st 
depend  on  the  quantity  of  heat  which  the  portion  of  matter  in  question  contain 
the  purpose  of  defining  difierent  temperatures,  it  is  obviouslv  necessary  to  ad 
stanoard  points,  separated  by  a  known  and  constant  interval^  which  may  ser 
measure  by  which  to  estimate  the  interval  between  any  other  two  temperaturef 
standard  points  usually  adopted  are  the  temperature  of  melting  ice,  and  tl 
perature  of  pure  water  boiling  freely  under  a  barometric  pressure  of  760  mill 
(  a  29*92  inches)  of  mercuiy  (measured  at  the  melting  point  of  icel  When  ) 
tity  of  mercuiT  is  allowed  to  attain  equilibrium  of  temperature  with  melting  i 
afterwards  with  water  boiling  under  the  conditions  above  mentioned,  it  is  foui 
its  bulk  in  the  latter  case  always  exceeds  its  bulk  in  the  former  case  by  a  certain  o 
amount  The  expansion  of  the  mercuiy  is  here  a  measure  of  the  quantity  < 
which  tiie  boiling  water  imparted  to  it  after  it  had  come  to  such  a  condition 
interchange  of  heat  no  longer  took  place  between  it  and  the  melting  ica ;  and  a 
already  observed,  the  mercury  always  expands  bv  the  same  proportion  of  its  bull 
temperature  of  melting  ice,  we  may  conclude  that  the  quantity  of  heat  which 
water  can  impart  to  a  given  mass  of  matter,  exceeds  that  which  melting  ice  can 
to  the  same  mass,  by  a  constant  proportion ;  in  other  words,  that  the  tempen 
boiling  water  is  higher  than  the  temperature  of  melting  ioe,  and  that  the  interva 
separates  them  is  always  the  same. 

It  is  upon  this  principle  that  the  use  of  the  mercurial  thermometer,  and  o 
instruments  in  which  expansion  is  empbyed  to  indicate  temperature,  dei>endc 
construction  and  use  of  this  instrument  in  its  various  forms  are  fully  described 
article  Thebmometbb,  to  which  the  reader  is  refSerred.  It  will  be  sufficient  1 
stato,  that  there  are  in  frequent  use  three  difierent  modes  of  designating  t 
standard  points  of  temperature,  and  of  subdividinsthe  interval  between  them :  i 
the  centigrade  scale  of  Celsius  emfdoyed  in  this  I)ictionazy,  in  which  the  temp 
of  melting  ice  is  denoted  by  zero,  and  the  temperature  of  boiling  water  b 
Reaumur's  scale,  in  which  the  temperature  of  melting  ice  is  likewise  dene 
zero,  but  that  of  boiling  water  by  80 ;  and  Fahrenheit' s  scale,  in  which  the 
temporaturo  is  marked  32,  and  the  latter  212.  The  melting  point  of  ice  is  tt 
indicated  by  any  of  the  following  expressions : — 

0«C.,   (PB^  and  820F.; 
and  the  boiling  point  of  wator  by  any  of  the  following: — 

lOOOC.  80°  R.  and  2120F.; 
accordingly,  1 00  degrees  centigrade  are  equivalent  to  80  degrees  B^mur,  and 
(  »  212  -  32)  degrees  Fahrenheit  or  5  degrees  C.  »  4  degrees  R. «  9  degrees  F 
simplicity  of  these  relations  makes  it  easy,  when  a  temperature  is  expremed  ac( 
to  any  of  the  three  scales,  to  find  an  equivalent  expression  according  to  either 
other  two.    (See  further  the  article  Thxbxoicbtbb.) 

Besides  the  mercurial  thermometer,  and  the  spirit  thermometer,  which  is  quite 
to  it  in  principle  and  in  the  manner  in  which  it  is  used,  there  are  some  other 
ments,  which  are  advantageously  emploved  in  special  cases,  for  the  measuren 
temperature,  and  must  therefore  be  briefly  described  here. 

The  Weight-thermometer, — This  is  a  mercurial  thermometer  which  difiers  fr« 
common  one,  inasmuch  as  the  expansion  of  the  mercury  consequent  upon  rise  o 
perature  is  not  read  off  directly  ^m  a  divided  scale,  but  is  calcmlated  from  the 
of  mercury  which  esciq>es  from  the  instrument  It  consists  of  a  cylindrical  glass 
voir,  closed  at  one  end,  and  terminated  at  the  other  by  a  short  capillary  ^las 
which  is  60  bent  that  when  the  thermometer  is  placed  in  the  position  in  which  \ 
be  used,  its  open  end  points  vertically  downwards.  The  mode  of  using  it  is  as  fo 
The  thermometer  is  weighed  while  empty,  and  the  reservoir  and  tube  are  ther 
pletely  filled  with  pure  mercury,  the  whole  of  the  air  being  carefully  expelled  by  b 
and  allowing  the  instrument  to  cool  while  the  open  end  of  the  capillary  tube  dips 
the  surface  of  mercury,  as  in  the  usual  process  of  filling  a  barometer  or  thermo 
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By  mmoiindiiig  the  thermometer  with  melting  ice,  the  instrument  itself,  as  well  as  the 
mercury  contained  in  it,  b  brou^t  to  the  temperature  Of  0^  C. :  when  this  temperatoie 
has  be^  reached  by  erety  part  of  it,  the  yessel  of  mercury  is  removed  ftom  under  the 
open  end  of  the  capillary  tube,  and  is  replaced  by  a  small  tared  capsule.  The  ice  is 
now  removed,  and  the  outside  of  the  thermometer  is  carefully  dried.  As  the  mercury 
contained  in  it  returns  to  the  temperature  of  the  air  (supposed  above  0^  C),  it  expands, 
and,  consequently,  some  of  it  escapee  by  the  capillary  tube  into  the  tared  capsule.  The 
thermometer,  ana  the  capsule  containing  the  mercury  which  has  escaped  from,  it,  are 
now  placed  together  in  toe  balance  and  weighed ;  by  deducting  from  the  gross  weight 
80  obtained  the  "^^ht  of  the  instrument  when  empty,  and  tiiat  of  the  capsule,  we 
obtain  the  weight  n,  of  the  quantity  of  mercury  which  fills  t^e  thermometer  at  0^  C. 
The  instrument  is  next  heated  to  100®  C^  by  immersing  it  in  the  steam  of  boiling 
water,  the  same  precautions  being  taken  as  in  fixing  Uie  filing  point  of  the  ordinanr 
^duated  thennometer  (see  Thiebmoxbtib),  and  the  mercury  whidi  escapes  is  collected 
in  Ae  tared  capsule  and  we%hed.  Let  «f  be  the  wei^t  of  the  whole  Quantity  of  mer- 
cuiy  which  escapes  from  the  thermometer  when  it  is  heated  ftom  0^  C.  to  100®  C. ; 
then  the  coefficient  of  apparent  expansion  (see  below,  Expamion  of  Idquids)  of  tho 
mercuiy  contained  in  the  thermometer  will  be 

(Fr-«F)ioo ^^^ 

SimilailT,  if  to^  be  tiie  weight  of  mercury  which  e8C(^>eB  from  the  thermometer  when  \% 
is  heatea  to  any  other  temperature,  ^^,  which  it  is  required  to  determine^  we  have 

•-(-r^' (*) 

hence  we  get 

y>t  w 

«-  <.?!..^Jli?  «100 

The  value  of  8,  deducible  from  equation  (a),  was  found  bv  Bulong  and  Petit  (who  were 
the  first  to  employ  the  weight-thermometer)  to  be  e^ual  to  n^,  and  by  substituting 
this  value  in  equation  {b)  the  value  of  ^  is  given  independently  of  the  preliminary 
experiment  above  described,  in  which  the  thermometer  is  neated  to  1 00®  C. ;  but  some 
uncertainty  is  thus  introduced  into  t.he  determination,  inasmuch  as  the  value  of  8  varies 
to  a  slight  extent  with  the  kind  of  glass  of  which  the  tiiermometer  is  made. 

The  weight-thermometer  is  ci^iu)le  of  giving  vezy  accurate  results  when  employed 
to  indicate  the  mean  temperature  of  any  considerable  space,  such  as  an  oil-  or  water- 
bath,  the  temperature  of  which  changes  so  slowly  that  it  may  be  assumed,  at  any  given 
instant,  to  be  the  same  as  that  of  the  thermometer.  The  sice  of  tiie  instrument 
depends  upon  the  purpose  for  which  it  is  to  be  employed :  it  is  well  that  it  should  be 
of  sudi  a  length  as  to  reach  from  one  end  to  the  other  of  the  space  whose  temperature 
has  to  be  measured,  and  its  capacity  ought  to  be  such  that  the  weight  of  mercury 
driven  out  by  the  sniallest  rise  of  temper^ure  which  it  is  required  to  estimate  may  bo 
capable  of  being  accurately  detennined  by  the  balance.  An  obvious  precaution  in  the 
use  of  this  instrument  is  to  keep  the  open  end  constantly  under  the  surflice  of  the 
mercuiy  in  the  capsule^  so  that  no  air  can  enter  in  consequence  of  a  diminntion  of 
temperature. 

Begnanlf  s  Air-ihermonuter  is  an  instrument  which  is  applicable  in  the  same  kind 
of  cases  as  the  weight-thermometer,  but  has  the  advantage  of  giving  accurate  results 
at  all  temperatures  below  that  at  which  ghiss  softens^  whereas  the  indications  of  the 
weight-thermometer  are  obviously  confined  to  temperatures  below  the  boiling-point  of 
merenzy.  In  construction,  it  closely  resembles  the  latter  instramenti  and  consists  of  a 
cylindrical  glass  reservoir  about  2  centimetres  (0-8  inch)  in  diameter  and  about  13  or 
15  centimetres  (4*8  or  6  inches)  long,  terminated  at  one  end  by  a  narrow  fflass  tube  of 
1  or  2  millimetres  internal  diameter,  which  is  bent  at  a  right  angle,  at  a  short  distance 
from  the  end  fiuthest  from  the  reserroir,  and  drawn  out  to  a  fine  point.  In  this  state, 
the  instrument  is  placed  in  the  space  of  which  it  is  desired  to  know  the  temperatnra ; 
and  as  soon  as  the  instant  arrives  for  which  this  temperature  is  required,  the  drawn- 
out  point  is  sealed  by  frision  with  the  blowpipe,  the  height  of  the  barometer  and  its 
attached  thermometer  (L  612)  being  observed  at  the  same  time.  The  thermometer 
thus  closed  is  then  supported  in  a  vertical  position,  the  narrow  tube  downwards,  and 
with  the  bent  and  sealed  extremity  of  the  latter  under  the  surface  of  mercuiy ;  it  is 
next  opened  by  breaking  o£^  under  the  mercuiy,  as  small  a  piece  as  possible  of  the 
point;  and  the  reservoir  is  completely  surrounded  with  melting  ice.  Owing  to  the 
contraction  of  the  air  in  Che  thennometer  as  it  cools,  the  znercury  rises  in  the  tube  and 
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partiallj  AIIb  the  resemroir ;  and,  when  the  temperature  of  the  thermometer  and  Ha 
contents  has  been  reduced  to  0^  C,  the  height  of  the  mjjiace  of  the  mercorj  in  the 
reseryoir,  above  that  of  the  mercury  outaide  the  instnunent,  is  measnred  by  a 
cathetometer,  the  height  of  the  barometer  being  carefollj  noted  at  the  same  time.  Tb«> 
open  end  of  the  tube  is  now  dosed,  while  still  under  mercury,  by  pressing  a^nst  it 
a  pellet  of  soft  wax ;  the  ice  is  removed  from  the  reservoir ;  and  the  instrument  ia  taken 
out  of  the  support,  inverted,  and  weighed  together  with  the  mercury  ctmtained  in  it. 
Ihe  thermometer  is  next  completely  filled  with  mercury  at  0°  C.  and  weighed  again, 
and  lastly  the  weight  of  the  instrument  itself  when  empty  is  determined. 

Let  nhe  the  weight  of  meicui^  which  completely  fills  the  thermometer,  and  let  w 
be  the  difference  between  this  weight  and  that  of  the  mercury  contained  in  it  at  the 
first  weighing.  These  two  weights  then  bear  to  each  other  the  same  pro^wrtion  aa  the 
total  capacity  of  the  thermometer  at  0^  C.  beiars  to  the  volume  occiq>ied — at  0^  C. 
and  under  the  atmospheric  pessure  diminished  by  the  column  of  mercury  read  ofiT  by 
the  cathetometer  —by  the  air  which  the  thermometer  contained  at  the  moment  iHban 
it  was  sealed  with  the  blowpipe.  They  may  therefore  be  taken  to  represent  respectiTdy 
tliese  volumes :  we  shall  then  have 

W(l  +irf)  =  «*.(!  +  «<). 

or—  ^  ■•     -^ ; 

where  t  is  the  temperature  required ; 

J7,  the  atmospheric  pressure  at  the  moment  of  sealing  the  thermometer  with  tha 

blowpipe ; 
k^  the  pressure  supported  by  the  air  in  the  thermometer  at  the  moment  of  dosing 

it  with  the  pellet  of  wax  »  the  barometric  pressure  observed  at  the  same  moment 

—the  column  of  mercury  read  off  with  the  cathetometer; 
a,  the  coefficient  of  expansion  of  air  for  1^  C  «  0*00366 ; 
ic,  the  coefficient  of  cubical  expansion  of  the  glass  of  which  the  tiiermometer  is 

made  »  0*0000305,  between  0^  and  300°  C.  for  common  glass,  and » 0*0000233 

for  crystal-ghiss  from  Choisy-le-RoL    (Kegnault) 

(For  the  derivation  of  the  above  formula,  see  the  section  Expansion  of  Gases 
in  this  article;  for  further  details  of  the  air-thermometer,  see  Begnault,  Court 
ilhneniaire  de  Ckimie,  id.  1864,  iv.  64.) 

Deville  and  Troost's   Iodine-pyrometer, — ^For  the  measurement   of  temperatni^ 
above  that  at  which  glass  softens,  Beville  and  Troost  employ  a  method  which  depends 
on  eseentially  the  same  principles  as  the  use  of  the  air-thermometer,  although  the 
mode  of  experimenting  differs  considerably.    Their  apparatus  consists  of  a  ^bolar 
flask  of  Ba;feux  porcelain  of  280  or  300  c.  c.  capacity,  with  a  neck  11  centimetres  long 
and  4  mm.  in  internal  diameter.   A  quantity  of  iodine  is  put  into  the  flask,  and  the  iie>ck 
is  nearly  closed  by  a  small  ping  of  porcelam  which  lies  loosely  in  the  opening.    When 
the  fladL  is  now  exposed  to  a  high  temperature,  the  iodine  is  vaporised  and  the 
greater  part  escapes  by  the  neck,  driving  out  at  the  same  time  nearly  the  whole  of  the 
air.    After  the  flask  has  been  exposed  for  about  twenty  minutes  to  the  temperatoie 
that    is    to    be    measured,  the   flame  of  an  ox^-hyc&oeen  blowpipe  is  allowed  to 
plav  for  an  instant  upon  the  porcelain  ^Ujg  lying  in  me  neck:  the  plug  is  thus 
melted  and  closes  the  flask  hermetically.    When  cold,  the  flask  is  cleaned  and  caie- 
fiillv  weighed ;  the  end  of  the  neck  is  broken  under  boiled  water  or  mercury,  and  the 
flask  is  weighed,  together  with  the  water  or  mercury  which  enters ;  it  is  then  oompletefy 
filled  with  water  or  mercury  and  weighed  a^;ain ;  lastly,  the  fiask  is  weighed  when 
empty.    From  the  weights  thus  obtained  it  is  easy  to  calculate  the  capaaty  of  the 
flask,  and  the  volume  of  air  which  the  iodine-vapour  has  failed  to  expel :  the  first 
weighing  gives  directly  the  excess  of  the  weight  of  the  flask  and  iodine- vapour  over 
that  of  the  empty  flask.    The  observations  which  require  to  be  made  in  each  e^»esi- 
ment  are  the  following : — 

Temperature  of  the  balance ^     t^ 

Atmospheric  pressure »     A  mm. 

Excess  of  weight  of  flask  after  being  heated  and  sealed  taJl  of 
iodine-vapour  over  weight  of  flask  filled  with  air  previous  to 

the  experiment  •••.•...,  as     t  grm. 

Capacity  of  flask •  .        .»«cc 

Besidual  air i^acc 
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Bemdet  theia  data,  tbe  following  oonstaiits  are  required  in  order  to  calculate  the 
temperature  at  which  the  flask  was  sealed: — 

Weight  of  1  e.  c  air  at  0^  and  760  mm.  preesnre  •        .     *  0*001298grm. 

Density  of  iodine-yaponr  referred  to  air  as  onitj  .        .        .«  8*716 

Coefficient  of  expansion  of  air  for  l^^  C 000366 

Coefficient  of  cnbioal  expansion  of  Bayenx  porcelain  for  1^  C.     «  00000108 
The  reqiiired  temperature,  T,  can  now  be  calculated  as  follows: 

let  Ar  (   «    ■  i"  ^  .floafig/ — •  "Tfio    "*"  0   ^  *^®  ****'^  weight  of  iodine-Taponr  con- 
tained in  the  flask  at  the  moment  of  sealing;  then 

Ar  (1  •¥  0-00366  T)  760 

0001203  X 8-716    '  h  "^ 

will  be  the  Tolome  of  this  Taponr  at  the  same  moment;  but 

-       fl  (1  +  000366  r)    760  .,       A./v/vAA,Ao 'rn 

^'  *       1^000366^      .  X-  -  •(!  +  0-0000108  T) 

and  from  this  equation,  in  which  T  is  the  only  unknown  quantity,  its  yalue  is  easilj 
found. 

It  is  obyious  that  this  method  is  applicable  only  for  the  measurement  of  maximum 
temperatures  which  can  be  maintained  stationai^  for  some  time ;  but  in  cases  where 
these  conditions  can  be  folfilled,  as  in  determining  the  boiling  ixnnts  of  difficulty 
-volatile  substances  (e^,  sulphur,  cadmium,  sine)  it  is  capable  of  yielding  very  accurate 
results. 

A  porcelain  globe  fllled  with  air  may  be  employed  as  a  thermometer  in  the  same 
way :  the  advantage  of  using  iodine  is  that  given  diffisrences  of  temperature  correspond 
to  greater  differences  of  wei^t. 

TSee  further  Beville  and  Troost^  Ann.  Ch.  Phys.  [3]  Iviil  267,  275,  285,  293.) 

Mercury-pyrometer, — ^This  instrument,  proposed  by  Keg n suit  (Ann.  Ch.  Phys.  [3] 
Ixiii.  40),  is  oompoeed  of  a  bottle  made  of  cast  or  wrou^t  iron,  platinum  or  porcuhun, 
having  a  capacity  of  500  to  1000  c.  c.,  and  provided  with  a  peitorated  lid  which  lies 
flat  upon  the  neck  of  the  bottle,  the  under  sur&ce  of  the  lid  (which  has  a  considerably 
greater  diameter  than  the  neck)  and  the  upper  surCsce  of  the  neck  being  ground 
together,  so  that  by  sliding  the  lid  a  little  to  one  side,  the  bottle  can  be  almost  com- 
pletely closed  without  removing  it  from  the  fomace,  or  other  space  whose  temperature 
is  to  be  determined.  Before  beginning  the  experiment,  10  or  15  grms.  of  pure 
mercury  are  put  into  the  bottle,  and  it  is  then  placed  in  the  fomace,  the  lid  being  laid 
on  so  that  the  hole  through  it  fonns  a  continuation  of  the  orifice  of  the  neck;  when 
the  bottJe  has  been  in  the  furnace  Ions  enough  to  have  thoroughly  assumed  tbe  tern- 
})erHture  of  the  latter,  it  is  closed  by  &iwing  the  lid  sideways,  Uien  removed  from  the  ' 
fiimace,  and  quickly  cooled.  The  mercury  remaining  in  the  bottle  is  poured  out  (it 
can  be  completely  detached  fiY>m  the  bottle  by  shaking  a  little  water  round  in  it), 
and  weighed,  either  in  the  metallic  state,  or,  when  necessaiy,  after  solution  in  an  acid 
and  precipitation.    When  the  following  data  are  known,  namely — 

V     *     capacity  of  the  bottle  in  c.  c  at  0^  C. ; 

K     w     coefficient  of  cubic  expansion  of  the  substance  of  the  bottle ; 

k     «     atmospheric  pressure  at  the  moment  of  withdrawing  tiie  bottle  fhxm  the 

fbrnace; 
d    «     density  (»r  mertury-yapour  at  temperatures  at  which  it  has  the  propettiea  of 

anofect  gas; 
p     *     weight  of  mercury  remaining  in  the  bottle ; 

the  required  temperature,  T,  can  be  calculated. 
The  weight  of  mercory-yapour  which  fills  the  bottle  at  T^  is 

hence 

I  -¥  kT  _       760 ©  ^   jg 

1  -f  000366  T    "   V  "00012932  ,d  '     k    "  A  ' 

in  which  last  expression  Af  is  a  quantity  which  remains  constant  for  the  same  bottle: 
we  haye  therefore 

1-  Af    f 
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Begnaulf B  Bydrogen-fjfromtUr  (Aon.  Ch.  Fhyi.  [3]  faoii  42)  it  an  ixMtrameiit 
whereby  the  tem|perataze  of  a  ftimace  or  other  heated  space  can  be  qiiid[fy  detennined 
at  any  required  instant.  It  consists  of  a  wrought  iron  tube  one  or  two  indiea  wide^ 
and  long  enonsh  to  reach  from  one  aide  of  the  ftimaoe  to  the  other,  tenninated  at  each 
end  by  a  capilkiy  tube  of  the  same  material,  provided  with  a  three-way  cock.  When 
tJie  temperature  of  the  Aimace  is  to  be  determined,  a  current  of  pure  and  dry  hydrogen 
is  caused  to  enter  the  iron  tube  at  one  end,  and  allowed  to  iasoe  finely  into  the  air  at 
the  other;  when  the  current  of  oas  has  been  continued  lona  enoufl^  to  diaplace  all  tha 
air,  and  to  reduce  any  oxide  that  may  haye  formed  in  the  inside  of  tiie  tube^  it  ia 
stopped;  the  free  end  of  the  iron  tube  is  connected  with  a  copper  tube  filled  with  oadds 
of  copper,  and  heated  to  redness  by  a  row  of  gas-jets ;  the  currrat  of  hydrogen  is  then 
replaced  by  a  slow  current  of  dry  air,  which  sweeps  forward  the  hyoogea  into  the 
copper  tube,  where  it  is  comi^etely  conyerted  into  water.  The  water  thus  fbcmed 
|)asBes  on  to  a  weighed  U-tube  containing  pumice-stone  and  sulphuric  acid,  and  from. 
Its  weight  the  temperature  of  the  fiimaoe  can  be  calculated  upon  the  same  piincmle  aa 
when  ue  mercury  pyrometer  is  used,  ^or  frirther  details,  and  for  Agues  m  Ham 
apparatus  and  of  tiiat  last  described,  see  B^gnault,  loo,  dt) 

The  T%ermomuUipUer, — ^This  instrument  consists  of  a  thermo-electric  pile^  conneeted 
with  a  delicate  ealyanometer;  its  construction,  and  the  principles  upon  whidi  its  action 
depends,  haye  aibeady  been  explained  in  the  article  Elbctbxcitt  (ii.  418  and  448, 444^ 
Aa  a  thermoscope,  or  instrument  for  rendering  sensible  heat  of  very  low  intensity,  tlua 
apparatus  is  much  more  deHcate  than  any  other  that  has  been  debased,  the  heat  gtren 
out  by  the  human  body  producing  a  perceptible  effect  u^n  it,  eyen  at  a  distance  S[  ten 
yards  or  more  (Daguin,  IVaiU  de  P^tique,  2nd  edit  ii  34).  As  a  differential  ther- 
mometer, it  is  capable  of  giving  accurate  results,  when  the  intervals  of  temperature  to 
be  measured  are  sufficiently  smalL  But,  since  the  direct  indications  of  the  instrument 
are  not  generally  proportional  to  these  intervals  of  temperature,  it  is  necessary  to  con- 
struct, for  each  thermomultiplier,  a  table  showing  the  interval  of  temperature  to  whidi 
each  degree  read  off  upon  toe  instrument  really  corresponds,  The  following  aoooont 
of  the  method  recommended  by  Me  11  on i  for  oonstmcting  these  tables  is  given  by 
l^ndall  (ffioi  as  a  Mode  of  Motion,  p.  366),  being  translate  by  him  from  *Ia  Ther- 
mocrose,*  p.  69: — 

**  Two*  small  yessels  are  half-filled  with  mercury,  and  connected  sepamteljr  by  two 
short  wires,  with  the  extremities  of  the  galvanometer.  The  veesels  and  wires  thus 
disposed  make  no  change  in  the  action  of  the  instrament;  the  thermo-electric  current 
being  freely  transmitted,  as  before,  from  the  pile  to  the  galvanometer.  But  i^  by  means 
of  a  wire,  a  communication  be  established  Mtween  the  two  yessels,  part  of  Uie  current 
will  pass  through  this  wire  and  return  to  the  pOe.  The  quantity  of  electricity  ctrcn- 
lating  in  the  galvanometer  will  be  thus  diminished,  and  with  it  the  deflection  of  the 
needle. 

**  Suppose,  then,  that  by  this  artifice  we  haye  reduced  the  galvanometric  deviation 
to  its  fourth  or  fifth  part;  in  other  words,  supposing  that  the  needle  being  at  10  or  12 
degrees,  under  the  action  of  a  constant  source  of  heat,  placed  at  a  fixed  £stance  from 
the  pile,  that  it  descends  to  2  or  3  degrees  when  a  portion  of  the  current  is  diyerted  by 
the  external  wire ;  I  say  that  by  causing  the  source  to  act  from  various  distances,  and 
observing  in  each  case  the  total  deflection  and  the  reduced  deflection,  we  have  all  the 
data  necessary  to  determine  the  ratio  of  the  deflections  of  the  needle,  to  the  forces 
which  produce  these  deflections. 

**  To  render  the  exposition  clearer,  and  to  furnish,  at  the  same  time,  an  example  of 
the  mode  of  operation,  I  will  take  the  numbers  relating  to  the  application  of  this  method 
to  one  of  my  thermomult^liers. 

**  The  external  circuit  being  interrupted,  and  the  source  of  heat  being  sufficiently 
distant  from  the  pile  to  give  a  deflection  not  exceeding  6  degrees  of  the  mlvanometer, 
let  the  wire  be  placed  so  as  to  connect  the  two  yessels  of  mercury ;  the  neeme  falls  to  1*6. 
The  connection  between  the  two  vessels  being  again  interrupted,  let  the  source  be 
brought  near  enough  to  obtain  successively  the  deflections : — 

60,  10^  16<»,  20«,  26°   30°,  Z&>,  iQP,  46°. 
Interposing  after  each  the  same  wire,  we  obtain  the.foUowing  numbers: — 
1-6°,  30,  4-6«   6-80,  8-4«>,  11-2^  16-3^  22-40,  297^ 

« Assuming  the  force  necessary  to  cause  the  needle  to  deecribe  each  of  the  first 
degrees  of  the  galyanometer  to  be  equal  to  unity,  we  have  the  number  5  as  the  expres- 
sion of  the  force  corresponding  to  uie  first  observation.  The  other  forces  are  easily 
obtained  by  the  proportion : — 

l-6:6-fl:4f«^«-  3  333a,* 

*  That  it  to  tay,  one  reduced  current  is  to  the  total  corrtnt  to  which  it  correspoodi,  w  sny  other 
reduced  current  Is  to  its  correipondint  total  current. 
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wlicTe  a  nynmniM  tbe  defleetkm  wfactt  tito  exterior  dnntit  ■  eloiod.    We  tfam  obtain 

5,  10,  16%  21,  28,  37*8 
ior  tbe  ibiees  eomeponding  to  the  deflectioDB, 

50   100,  l^,  20°.  2«»  30P. 

''la  this  instniment,  therefore,  the  foroee  are  sensibly  proportional  to  the  arcs  up  to 
BearijT  lA  degrees.  Bejond  this  the  propottionality  ceases,  and  the  direi^genoe  augments 
as  the  arcs  increase  in  sise. 

<*The  forces  belonging  to  the  intermediate  degrees  are  obtained  with  sreat  ease, 
either  by  calculation  or  £j  graphical  ooDBtroction^  whidi  latter  is  sufficient^  aceorartt 
for  these  determinatioos. 
•*fi7  these  means  we  find, 
Begreee       .       .    18«    U®    I6«    16®    17«    I80    19o    20®    2lo 
18      lil   16-2  16-8    17*4   18-6   Id-S  21      22*8 

11      M      11      1-1      1-2     1-2     1-2    1-8 

22«  28°  240  26^    29P    27®  28®  290  80® 

28-§  24-9  26^4  28   29*7  31-5  33-4  36-3  37*1 

1-4   1-5  1-6  1-7   1-8  1-9  1-9   2 

**  In  this  table  we  do  not  take  into  aeeoont  any  of  the  degrees  pMoediqg  the  18th,  be- 
cause  the  foirce  eonespcmding  to  each  of  them  possesses  the  same  yalne  as  the  deflection. 

"The  forces  corresponding  to  the  fint  thirty  dqgrees  being  known,  nothing  is  easier 
than  to  determine  the  Talnes  of  the  forces  corresponding  to  36,  40^  45  degrees,  and 
upwards. 

**The  reduced  deflections  of  these  three  aiOB  are^ 

16-30  22-4^  29-r. 
**  Let  us  consider  them  separately ;  commencing  with  the  first    In  the  first  places 
then,  16  degrees  according  to  our  calculation,  are  equal  to  16*2;  we  obtain  the  Taliie  of 
the  decimal  0*3  by  multip^ing  this  fraction  by  the  dilforence  1*1 ;  for  we  hare  eridently 
the  propoction 

1:  M  .  0-8  :«  »  0*3 
The  Talne  of  the  reduced  deflection  conemndins  to  the  36th  degree,  will  not,  there- 
fore,   be    16*Z^,  bvt    16-29  +  0*8*'  «  16*6®.    By  similar   considerations  we   find 
28  6<'  -h  0-6<»  -  241<',  instead  of  22*40,  ^^  30-70  instead  d  297®  for  the  reduced 
deflections  of  40  and  46  degrees. 

'*  It  now  only  remains  to  calculate  the  forces  belonging  to  these  three  deflections^ 
16*6®  24' 1®,  and  80*7®,  by  means  of  the  expression  3*833a ;  this  giyes  us, 
the   forces,         617,    80*8,     122*3. 
for  the  degrees,  86,       40,       46. 

"  Comparing  these  numbers  with  those  of  tiie  preceding  table,  we  see  that  the 
sonsitiTeness  of  our  galTanometer  diminishes  considerably  when  we  use  deflections 
greater  than  30  degrees." 

When  one  face  St  the  thermopile  is  exposed  to  the  action  of  heat,  the  needle  of  the 
galTanometer,  with  which  the  pile  is  connected,  immediately  lesTes  its  position  of 
equililnrium  and  s^inngi  considerably  beyond  the  new  position  m  which,  after  a  series  of 
gradually  diminishing  oscillations,  it  ultimately  comes  to  rest,  if  the  pile  continues 
exposed  to  the  same  source  of  heat ;  and  when  the  source  of  heat  is  removed,  the  fiice 
of  the  pile  only  gradually  loses  the  increased  temperature  which  it  had  acouired  while 
exposed  to  its  action,  so  that  the  return  of  the  galTanometer  needle  to  its  first  position 
is  likewise  graduaL  These  two  circumstances  would  occasion  a  Tery  considerable  loss 
of  time  in  making  a  numerous  series  of  obserfations  with  Uie  thermomultiplier,  were 
it  necessary  eadi  time  to  allow  the  needle  to  become  stationary  at  thepoint  <^  ultimate 
defiection ;  but  Helloni  obserred  that  the  arc  through  wfaieh  the  neeote  swings  in  its 
first  oscillation  is  always  the  same  for  an  ultimate  deflection  of  the  same  amount,  and 
hence,  by  constructing  what  he  calls  a  Table  of  Jfiipuls$»,  or  table  giring  the  ultimate 
deflection  correspondmg  to  a  flrst  swing;  or  impulse^  of  any  given  amount,  this  loss  of 
time  may  be  avoided.  With  such  a  table,  it  is  only  necessaiy  to  obserre  the  arc  de- 
scribed by  the  needle  in  its  first  moTement,  and  then  to  refer  to  the  table  for  the  ulti- 
mate defiection  corresponding  thereto. 

Siemens's  Bmatanoe  Thtrmometer, — ^In  this  instrument  the  actual  indications  of 
temperature  are  made  by  an  ordinary  mercurial  thermometer:  its  peculiarity  consists 
in  toe  iiict  that  it  enables  the  temperatures  of  spaces  to  be  determined  into  which  a 
thermometer  could  not  be  introduced,  or  wherc^  if  introduced,  it  coidd  not  be 
obserTed.  Its  action  depends  on  the  increased  resistance  which  a  metallic  wire  offers 
to  the  passage  of  lin  electric  current  when  its  tempcratiire  is  raised.  (£LiOTBioiTTy 
il  467.) 
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Two  perfectly  similar  coils  of  insulftted  wire  are  endoeed  in  two  hennetiealljr  sealed 
copper  cases.  One  is  placed  in  the  space  of  which  the  temperature  is  reqmred,  the 
other  in  a  bath  of  water ;  and  the  temperature  of  the  bath  is  altered  until  the  electrical 
resistance  of  the  two  coils  is  exactly  equal,  an  equality  which  can  be  readily  tested  by 
a  dijOTerential  galvanometer.  The  temperature  of  the  bath  will  then  clearly  be  equal 
to  that  of  the  space  where  the  first  resistance  coil  is  placed.  The  connections  are 
i^ade  with  very  thick  co  pper  wire,  so  thattheir  resistance  shall  have  little  or  no  influence 
upon  the  result  The  wires  are  coiled  on  an  open  copper  cylinder  of  considerable 
diameter  and  length,  so  as  to  expose  a  large  surface  to  the  air  or  water  in  which  they 
are  placed.  They  in  consequence  take  the  temperature  of  the  surrounding  medium 
with  great  rapidity.  (Report  on  Electrical  Instruments  in  the  International  Exhibition 
of  1862,  by  Reeming  Jenkin, — Jurors*  Reports,  Ckss  xiii.  p.  93.) 

This  instrument  is  obyiously  adapted  for  determining  the  temperature  of  different 
depths  of  the  Bea,  or  of  borings  on  land,  and  for  other  similar  purposes.  Its  sensibi- 
lity may  be  considerably  incr^ised  by  adopdng  a  sug^stion  of  Dr.  Esselbach'i^  and 
constructing  one  of  the  coils,  that  one  whidi  is  placed  in  the  bath  of  water,  of  a  mate- 
rial whose  resistance  increases  more  slowly  with  rise  of  temperature  than  that  of  the  sub- 
stance of  which  the  other  coil  is  made.  The  temperature  of  the  bath  would  then  have  to 
be  raried  more  than  one  degree,  in  order  to  compensate  the  alteration  of  resistance  caused 
by  a  variation  of  one  degree  in  the  temperature  of  the  medium  surrounding  the  other  coil. 

Besides  the  instrumenta  for  measuring  temperatoie  which  are  described  above  and 
in  the  article  Thsbmohbtbb,  already  referred  to,  a  great  number  of  others,  of  various 
degrees  of  utility,  have  been  suggested  irom  time  to  time.  But  it  is  believed  that  the 
instrumenta  here  noticed  are  thosA  most  likely  to  be  found  practically  useful  by  the 
experimental  chemist  A  large  number  of  the  older  contrivances  for  thermometric 
purposes  are  very  fully  descril^  in  the  treatise  on  The  ThermomeUr  and  'PyromeU  r, 
published  by  the  Society  for  the  Diffusion  of  Use^  Knowledge.  (Library  of  Useful 
Knowledge,  Natural  Philosophy,  voL  ii.  1832.) 

Oalorfmetry. — The  cases  in  which  quantities  of  heat  require  to  be  measured  are 
veiy  numerous,  and  dif^rent  methods  and  apparatus  are  required  in  nearly  every  case. 
In  relation  to  every  one  of  the  effects  of  heat  the  question  arises :  How  much  heat  is 
needed  to  produce  this  effect  with  a  given  intensity?  hence  calorimetric  measurements 
have  to  be  made  in  the  study  of  each  of  these  ^ects,  while  the  nature  of  each  will 
determine  the  manner  in  which  such  measurements  can  best  be  made.  We  shall, 
therefore,  consider  the  different  problems  into  which  calorimetry  enters,  one  by  one  as 
they  occur,  and  shall  now  pass  at  once  to  the 

QUAHTITATTVB  StTJDT  OF  THl  EFFECTS   OF  HeAT. 

The  following  order  will  be  adopted  in  this  part  of  the  subject: — 

1.  Changes  of  Temperature  produced  by  Heat 

2.  Changes  of  Volume  produced  by  Heat 

3.  Changes  of  State  of  Aggregation  produced  by  Heat 

4.  Belations  of  Heat  to  Chemical  Affinity. 
6.  Belations  of  Heat  to  Electricity. 

6.  Belations  of  Heat  to  Mechanical  Energy. 
1.  Changes  of  Temperature  produced  by  Heat, — Speolllo  Beat. — ^Whei 
equal  weights  of  two  different  substances,  say  a  pound  of  water  and  a  pound  of  mercury 
are  placed  in  two  similar  vessels,  and  exposed  for  the  same  length  of  time  to  the  hea 
of  tne  same  lamp,  or  placed  in  front  of  the  same  fire,  at  equjd  distances  from  it,  o: 
otherwise  treated  so  as  to  have  an  opportunity  of  taking  up,  each  exactly  as  much  hea 
as  the  other,  it  is  found  that,  if  of  equal  temperatures  at  the  beginning  of  the  experi 
ment^  they  have  no  longer  the  same  temperature  at  the  end  of  it  The  mercuiy  i 
found  to  be  much  hotter  than  the  water.  Hence  it  is  proved  that  a  quantity  of  hea 
which  is  sufficient  to  raise  the  temperature  of  a  given  quantity  of  mercuiy  through  ] 
given  number  of  degrees,  is  only  able  to  raise  the  temperature  of  the  same  quantity  o 
water  through  a  snuller  number  of  degrees ;  in  other  words,  more  heat  is  required  Xa 
raise  the  temperature  of  a  given  qnanti^  of  water  one  degree,  than  is  required  to  rais« 
the  temperature  of  the  same  quantity  of  mercury  one  degree.  Again,  if  we  take  tw« 
eqtttl  weights  of  water  and  mercury  which  have  been  heated  to  the  same  temperature 
say  to  100^  C,  and  place  them  under  such  conditions  that^  in  cooling  down  to  the  t<^m 
peratore  of  the  atmosphere,  each  shall  ^ve  out  exactly  as  much  heat  in  each  second  a 
the  other,  it  wiU  be  found  that  the  mercury  will  have  cooled  down  to  the  temperatur 
of  the  atmosphere  long  before  the  water ;  hence,  when  its  temperature  is  lowered  by  < 
ffiven  number  of  degrees,  water  gives  out  more  heat  than  an  equal  quantity  of  mercur 
does  in  undergoing  a  similar  alteration  of  temperature.  Extending  similar  experiment 
to  other  8«%stance6»  we  should  find  that  the  quantity  of  heat  ne^ed  to  effect  a  givei 
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diange  of  tempentiire  if  diffcfrent  fbr  afanost  ereiy  tabstanee.  These  qnantitiet  of 
heat,  exmeeea  lelatiTely  to  the  quantity  of  heat  required  to  raiae  the  temperatme  of 
an  equal  weight  of  water  fh)m  0^  to  1^  C,  are  called  the  specific  heats  of  the  yarioua 
substances.  Thus,  fbr  instance,  the  statement  that  the  spedAo  heat  of  lead  is  0*0314, 
implies  that  the  quantity  of  heat  which  would  suffice  to  raise  the  temperature  of  any 
given  quantity  of  lead  £h>m  0^  to  1^  C,  would  raise  the  temperature  ofan  equal  q«an- 
tityof  water  only  from  O*'  to  0*0814<=^. 

The  power  of  heat,  then,  to  cause  changes  of  temperature  depends  upon  the  nature  of 
the  substance  upon  which  it  acts,  just  as  we  shall  see  in  tlie  sequel,  that  its  power  to 
cause  changes  of  volume^  or  changes  of  any  other  kind,  Taries  with  the  nature  of  the 
bodies  submitted  to  its  action. 

Three  principal  methods  hsTe  been  employed  for  measuring  the  spedile  heats  of  dif- 
ferent substances.  Of  these,  much  the  most  accurate  is  that  known  as  the  method 
of  mixtures;  we  shall,  therefore,  doscribe  it  first  It  consists  in  heating  a  known 
weight  of  the  substance,  whose  specific  heat  is  to  be  determined,  to  a  known  tempera- 
ture, then  plunging  into  a  known  wei^t  of  water,  also  at  a  known  temperature,  and 
determining  the  temperature  of  the  mixture  which  results.  In  an  experiment  of  this 
kind,  let  The  the  temperature  to  which  the  substance  was  heated,  t  the  initial  tem- 
perature of  the  water,  and  9  the  temperature  of  the  mixture ;  and  let  the  weighty  in 
grammes,  of  the  substance  be  W,  ana  the  weight  of  the  water,  w.  Then  it  is  plain 
that  the  heat  which  the  substance  has  given  out  in  cooling  from  T^'  to  0°  is  the  same 
AS  that  required  to  heat  the  water  from  <^  to  0^.  Calling  the  hitherto  unknown  specific 
heat  of  the  substance  x,  we  shall  have  lor  the  former  quanti^  of  beat,  the  expressicn 
W(  T  —  9)x,  and  lor  the  beat  taken  i^  by  the  water  (whose  specific  heat  *  1),  t^9  ->  I). 
Hence 

IP(r- •)*-«(• -0; 
or  w{9  -  <) 

*"  >r(2'-  9)' 

The  most  accurate  determinations  of  specific  heat  that  haTe  hitherto  been  piblished 
are  probably  those  made  by  Regnault  (Ann.  Ch.  Phys.  Ixxiii.  It;  Rid,  [3J  i  129; 
ix.  322 ;  xxri.  261  and  268 ;  xzxriiL  129 ;  xItI  257 ;  bdii  S\  by  the  method  of 
mixtures.  Fig,  530  (see  p.  26),  which  is  copied  from  his  latest  memoir  on  this  subject, 
shows  the  dii^position  of  apparatus  usually  employed  by  this  investigator.  The  sub- 
stance to  be  examined  is  contained  in  a  basket  of  fine  brass  wire,  M,  suspended  in  the 
middle  of  an  upright  cylinder,  A,  of  thin  metal  This  ej^linder  is  surrounded  by  a 
larger  conoentnc  cylinder,  B,  and  this  again  by  a  third  cylinder,  C.  By  the  ebullition 
of  water  in  the  bouer,  V,  the  annuhir  space  betwe^  A  and  B  is  k^t  constantly  full  of 
steam,  which  passes  thence  throud^  the  openinn,  o  o,  near  the  top  of  B,  into  the  outer 
annular  space  comprised  between^  and  C,  and  hence  by  the  waste-pipe  ff  to  the  con- 
denser G,  and  so  back  to  the  boiler.  That  portion  of  the  steam  which  is  liquefied  in 
the  cylinders  B  and  C,  returns  to  the  boiler  in  the  form  of  water  by  the  pipe  c.  The 
temperature  of  the  substance  in  H  is  shown  by  the  thermometer  T,  the  bulb  of  which 
occupies  a  cylindrical  space  left  for  the  purpose  in  the  middle  of  the  basket  of  brass 
wire.  The  water  into  which  the  substance  is  to  be  plunged  is  contained  in  the  calori- 
meter H,  a  small  vessel  of  vei^r  thin  and  highly  polish^  brass,  supported  upon  three 
points,  and  carried  by  a  foot  which  slides  alongagroove,  so  that,  by  a  rapid  and  smooth 
motion,  it  can  be  brought  directly  under  A,  or  removed  to  the  fiuther  side  of  the 
sliding  screen,  pp\  so  as  to  be  protected  from  the  infiuence  of  heat  given  out  by  the 
beating  apparatus  C.  When  in  ite  place  under  A,  the  calorimeter  is  protected  from 
heat  radiated  by  the  boiler  by  the  double  screen  D,  between  the  two  coatings  of  whidi 
a  continual  circulation  of  cold  water  is  kept  up.  The  temperature  of  the  calorimeter 
is  indicated  by  the  thermometer  <,  the  bulb  of  which  is  long  enough  to  reach  from 
just  below  the  surfru^  of  the  water  to  very  near  the  bottom. 

At  the  commencement  of  an  experiment,  the  calorimeter  Ib  drawn  back  outside  the 
screen  pp\  and  the  basket  containing  the  substance  to  be  examined  is  suspended  in  the 
middle  of  the  cylinder  A  by  a  silk  thread,  the  cylinder  itself  being  closed  at  top  and 
bottom  by  hollow  plugs  to  prevent  loss  of  heat^  one  of  which  is  shown  in  its  place  at 
the  upper  part  of  the  figure.  Steam  from  the  boUer  being  allowed  to  circulate  about  A, 
the  suDstuioe  at  M  is  gradually  heat«d  to  neariy  the  temperature  of  boiling  water. 
After,  in  general,  about  two  hours,  the  thermometer  T  becomes  sUtionary ;  but,  fat 
ffreater  certain^  that  the  temperature  of  the  substance  is  uniform  throug^out^  the 
heating  is  continued  for  at  least  another  hour.  The  temperature  of  the  water  in  the 
calorimeter  is  then  observed  by  reading  the  thermometer  t  through  a  telescope,  the 
temperature  of  the  air  being  read  off  at  Uie  same  time  upon  another  thermometer.  The 
calorimeter  is  quickly  pushed  under  the  heating  apparatus ;  the  plu^  at  the  bottom  of 
the  cylinder  A  is  removed;  and  by  loosening  the  co»  which  supports  the  thermometer  X 
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the  silk  thread  from  which  the  basket  M  hangs  is  liberated^  and  this  with  its  oontents 
allowed  to  fall  into  the  water  contained  in  H.  The  calorimeter  is  again  drswn  back 
behind  the  screen  FP,  and  the  basket  is  moved  about  in  the  water  by  an  assistant, 
while  the  observer  watches  tbiongh  the  telescope  the  mazinnim  tempsontwe  iadiaitod 

Fiff.590. 


by  the  thermometer  t  This  maximum  generally  occurs  one  or  two  minutes  after  the 
immersion  of  the  substance.  Suppose  that,  in  such  an  experiment,  the  following  results 
were  obtained: — 

Weight  of  substance M  grm. 

„      „  brass  wire  basket  . p  grm. 

Temperature  by  thermometer  T  at  moment  of  immersion       •        .  T° 
Temperature  by  thermometer  t  at  same  moment    .        .        .        •  t^ 
Maximum  temperature  after  immersion  by  thermometer  t      ,        ,  6^ 
Weight  of  water  in  calorimeter,  calorimeter  and  thermometer  sup- 
posed included  ...                A 

Sgledfic  heat  of  brass     •        •  e 
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Then,  oJling  the  required  ipedflo  heat  of  the  eabetanoe  C  we  should  h^/re 

or  C-  A9-t)-^MT^9) 

In  gJTiiis  the  ralfnUtion  in  this  Tenr  simple  form,  we  «•  ■ssiimiim  thnt  thi»  eon* 
stant  A  inandes  not  merely  the  actoal  water  in  the  eslorimeter,  bntuso  the  "  water- 
eqaivalents "  of  the  brass  of  which  the  caknmeter  is  composed,  and  of  the  g^ass 
and  mercniy  composing  the  thermometer  i,  tot  these  areaU  heated  at  the  same  time  as 
the  water,  and  to  the  same  extent  If  the  weight  of  brass  in  the  ealorimeter  were  w, 
and  the  woblits  of  ^|lass  and  mereory  in  the  thermometer  t  respectiTelj  nf  and  w",  and 
it,  ftirther,  the  speofte  heats  of  brass,  g^ass,  and  mercniy  be  ^  e^,  and  tT,  the  "water- 
eqfmralent"  of  Oe  calorimeter  (or  the  qnantity  of  water  which  wotdd  reooire  the  same 
qnantitf  of  heat  to  raise  its  temperature  one  degree)  would  be  we,  and  the  "  water- 
equivalent "  of  the  thermometer  t  would  be  w'e  -f  «0V.  Hence  if  a  be  the  weight 
of  actual  water  in  the  calorimeter,  the  calorimetrie  yalue  of  the  whole  quantitj  of  matter 
to  which  the  heat  of  the  body  under  experiment  is  imparted  will  be : 

A^a-t-wo  +  Mft^-t'  mTo". 

The  Tslnes  of  the  sersnl  terms  making  19  the  whole  Talne  of  A  must  olmonslj  be 
determined  by  preUminaiy  experiments. 

An  additional  correction,  the  value  of  which  has  also  to  be  found  by  preUminazy 
trials,  is  requ^^d  to  oompeosate  the  heating  or  cooling  effect  of  the  atmorohere  wptm 
the  calorimeter  and  its  contents  during  the  course  ci  an  e^wriment  But  as  the 
diiSerence  between  the  two  temperatures  t  and  9  of  the  calorimeter  seldom  exceeds 
4°  or  6^  it  is  easy,  by  keeping  the  temperature  of  the  instrument  as  much  below  the 
atmospheric  temperature  during  the  fint  half  of  the  experiment  as  it  is  expected  to 
exceeoit  in  the  second  hali^  to  render  the  eironr  introduced  by  atmospheric  heating  or 
cooling,  very  small  indeed :  in  Regnaulf  s  experiments,  it  amounted  to  only  three  or  four 
hundredths  of  a  degree,  but  was  nerertheless  carefhlly  allowed  for. 

By  means  of  the  apparatus  abore  described,  the  substance  under  examination  can 
nerer  be  heated  quite  to  the  boiling  point  of  the  b'quid  in  the  boiler  V,  so  that  when 
this  is  water,  the  temperature  of  the  substance  nerer  rises  abore  97®  or  98® ;  but  any 
other  ten^mmtnre  that  may  be  desired  can  easily  be  attained  by  introducing  into  the 
boiler,  in  place  of  water,  a  liquid  which  boils  at  nearly  the  required  tempezvture,  and 
then  raising  or  lowering  its  temperature  of  ebullition  as  much  as  may  oe  needed,  by 
connecting  the  tube  k  %  with  a  large  reeervoir  of  compressed  or  rareflea  air. 

In  determininff  the  specHlc  heat  of  substances  (such  as  phon>horus,  for  example) 
which  could  notle  heated  without  causing  them  to  melt  or  else  to  undeigo  ower 
alterations  which  would  interfere  with  the  accuracy  of  the  results,  Bcgnault  adopted 
an  inTBTse  process,  and  cooled  them  to  a  temperature  considerably  below  that  of  the 
water  in  the  calorimeter,  and  thus  observed  the  diminution  in  the  tempwature  of  the 
latter  which  resulted  firam  immersing  the  cooled  substances  in  it  The  apparatus 
employed  for  producing  and  maintaining  constant  a  low  temperature,  resembles 
to  some  extent  the  heating  apparatus  alreaify  described  and  figued.  It  consists  of 
a  central  tubs^  in  the  middle  of  which  is  suspended  the  substance  to  be  cooled, 
surrounded  by  two  larser  concentric  cylinders.  The  space  between  the  central  tube 
and  the  next  vi  partially  filled  with  ether  or  some  other  volatile  liquid,  and  the 
space  between  this  tube  and  the  outside  one  is  filled  with  air.  By  causing  a  rapid 
current  of  air  to  traverse  the  ether,  its  temperature  is  gradually  lowered,  and  with 
an  external  temperature  of  20®  C.  any  temperature  not  bwer  than  —12^  can  be 
maintained  constant  by  properiy  reguming  tne  flow  of  air;  the  bwest  temperature 
that  can  be  obtained  under  similar  circumstances,  by  employing  sulphide  of  carbon 
instead  of  ether  is  —  8®.  Bv  the  use  of  liquid  ammonia,  any  temperature  between 
—40®  and  —80®  C.  can  be  obtabed. 

In  order  to  apply  the  above  method  to  determinations  of  the  specific  heat  of  liquids, 
they  must  be  enclosed  in  tubes  of  veiy  thin  g^ass,  nearly  filled  and  hermetically 
dosed.  Tliese  tubes  are  suspended,  like  the  basket  M,  in  the  centre  of  the  tube  A, 
and  afterwards  let  down  into  the  cfdorimeter.  In  calculating  the  result,  allowance 
must  of  course  be  made  for  the  heat  imparted  to  the  calorimeter  by  the  tube. 

Another  apparatus  which  serves  for  the  determination  of  specific  heats  is  repre- 
sented  in  fig.  531.  This  apparatus,  devised  by  Favre  and  Silbermann  (Ann.  Ch. 
Phys.  [8]  xxxvL  33),  consists  of  a  slass  globe.  A,  of  about  1  litre  capacity,  in  which 
are  three  openings.  The  first,  b,  admits  a  thin  iron  or  platinum  tube,  closed  at  the 
lower  end,  about  1  inch  (2^  to  3  centimetres)  wide  and  4  inches  (10  or  11  centi- 
metres) bng,  cemented  at  the  top  into  the  opening  of  the  glass,  and  kept  in  its 
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place  below  by  a  piece  of  glass  rod,  one  end  of  which  is  cemented  agunst  the  vpper 
side  of  the  tabe  and  the  other  end  against  the  side  of  the  glass  globe.  Within  this 
tabe,  which  is  called  the  muffle^  is  placed  another  tube  of  yeir  thin  glass  which 
serves  to  contain  the  substances  under  experiment.    This  is  held  in  its  place  by  t 

Fig,  631. 


t  cork  which  snrronnds  its  neck  and  fits  tightly  in  the   month  of  the  mxdffe;  ft  is 

j  surrounded  by  about  100  grms.  of  mercury,  intended  to  facilitate  interdiange  of  heat 

I  between  it  and  the  muffle. 

The  second  opening,  c,  carries  a  horizontal  capillary  tube,  tt,  about  600  mflHmetiv? 
long,  divided  into  mifiimetres,  and  terminated  at  the  &rther  end  by  a  small  fanneL 
This  tube,  which  should  be  perfectly  cylindrical,  is  cemented  \o  the  glass  ^obe  by 
marine  glue,  so  that,  when  needful,  it  can  be  easily  removed  and  cleaned. 

The  third  opening  carries  a  steel  piston,  rf,  which,  by  means  of  a  screw,  can  b^. 
raised  or  lowered  so  as  to  increase  or  diminish  somewhat  the  capacity  of  the  globe. 

The  globe  itself  is  supported  upon  a  thick  ring  of  cork  and  enclosed  rn  a  box 
lined  with  wadding  or  swan's-down,  and  surrounded  by  a  douHe  easing  filled  with 
water.  It  is  filled  with  mercury,  with  the  precautions  necessary  to  exclude  any  trace 
of  air,  and  the  extremity  of  the  column  of  mercury  is  adjusted  by  moving  the  ste^l 
piston,  rf,  up  or  down,  so  as  to  be  exactly  at  the  zero  point  of  the  divisions  of  the  tube. 
In  using  the  instrument,  the  substance  whose  specific  heat  is  to  be  determined, 
is  introduced  at  a  known  temperature  into  the  muffle,  or  into  the  glass  tube  insido 
it.  The  substance  then  ports  with  its  heat  to  the  mercury  contained  in  the  globe  of 
the  calorimeter,  causing  it  to  expand,  and  the  expansion  read  off  on  the  tube  ^^  is  a 
meafiure  of  the  quantity  of  heat  thus  imparted  to  the  merciuy.  In  order,  however, 
to  compare  the  indications  of  this  instrument  with  those  of  the  water- calorimeter,  it  is 
needful  to  know  the  number  of  divisions  of  the  tube  tt  which  correspond  to  the  effect 
of  a  unit  of  heat,  or  gramme-dogree.  For  this  purpose  Favre  and  Silbermann 
gmdnated  their  instrument  as  follows : — A  few  scraps  of  platinum  wire,  and  4  or  5 
grammes  of  distilled  water,  are  placed  in  a  pipette  of  the  form  shown  in^.  632.  The 
Fia  632  pipette  is  heated  over  a  spirit- 

^'        '  lamp  until  the  water  boils,  the 

fiame  being  occasionally  passed 
along  the  point  a,  so  as  to  heat 
it  sufficiently  to  prevent  the  con- 
densation of  steam,  and  the  drop 
of  water  is  removed  from  the  end 
by  a  piece    of   filter-paper,   so 
that  the  steam  may  have  free 
issue  into  the  air  at  the  moment 
of  beginning  the  experiment. 
The  lamp  is  then  removed  for  an  instant ;  the  ebullition  ceases,  and  at  the  same 
moment  the  point  of  the  pipette  is  rapidly  introduced  to  the  bottom  of  the  tube  con- 
tained in  the  muffle,  the  pipette  being  simultaneously  turned  round  through  180^ 
about  the  axis  ab.    The  lamp  is  then  again  brought  near  the  pipette,  and  the  cork 
which  closes  the  upper  end  is  removed,  so  that  no  steam  may  follow  the  water  into  the 
muffle.    As  soon  as  the  mercury -column  in  tt  has  reached  the  extreme  point,  the 
temperatnre  of  the  water  is  taken  by  a  small  and  sensitive  thermometer;  and  the 
experiment  is  completed  by  weighing  the  glass  tube  with  the  water  contained  in  it. 

If  the  weight  of  water  be  P,  and  the  number  of  degrees  through  which  its  tem- 
perature falls  after  being  introduced  into  the  tube  of  the  muffle  be  T,  the  number  of 
units  of  heat  imparted  to  the  calorimeter  will  be  PT.  If  this  quantity  of  heat 
eauaes  the  mercury  to  advance  through  N  divisions  of  the  tube  tt^  the  amount  of 
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McmasMn,  C^  ezpicMcd  in  the  same  divuion^  eotte^onding  to  one  onit  ot  heat 

0    -    ^. 

FaTTO  and  Sflbcmuum  ibimd  tliat»  in  the  msbmnexit  emfdoyed  by  them,  one  unit  of 
heat  caneed  the  menmry  to  advance  in  tt  hj  0*8  millimetre. 

In  determining  the  apedfle  heate  of  liqxud  anbetancea  bj  meana  of  thia  apparatiis^ 
they  are  introdi^ed  into  the  tube  of  the  muifle  by  meana  of  the  inpett^  ab,  in  the 
manner  alreadjr  deaoibed  in  the  caae  of  water,  the  weight  employed  Ming  determined 
after  the  ejqteriment 

Another  method  of  aaeertaining  the  apedfle  heata  of  yariona  anbatancea  oonaista  is 
detennining  the  qnantity  of  ice  which  can  be  melted  by  the  heat  given  off  by  a  known 
weight  of  each  wnile  cooling  through  the  aame  nnmb^  of  degreea.  A  known  weight 
of  tLt  anbetance  to  be  operated  upon  ia  heated  to  a  determinate  tempentnre,  aa  100^, 
and  then  placed  in  a  cavity  acooped  out  of  a  block  of  melting  ice  and  oovored  hy  a 
aeoood  alab  of  ice.  The  temperature  of  the  anbetance  ia  thus  brought  down  to 
that  of  melting  ice,  and  a  quantity  of  ice  ia  melted->that  ia,  a  quanti^  of  water 
ia  formed — poportionate  to  the  quantity  of  heat  which  the  aubatanee  givea  out  ii. 
cooling  to  thia  temperature. 

This  method,  however,  though  rery  aimple  both  in  pondple  and  in  execution, 
oannot  be  made  to  give  veiy  accurate  zeaulta ;  for  there  ia  great  difficulty  in  determin- 
ing with  exactness  the  quantity  of  water  formed,  and  a  small  error  committed  here 
will  introduce  a  large  error  into  the  eetimate  of  the  ouantity  of  heat  nven  out  by  the 
body  in  cooling,  aince  aa  will  be  seen  hereafter,  the  quantity  of  neat  needed  to 
coni>ertoiie  part  of  ice  into  water  would  be  auffident  to  raiae  the  temperature  of  79^ 
parts  of  water  one  degree. 

A  third  method,  called  the  method  of  cooling,  was  employed  by  Dulongand  Petit 
It  consists  in  determining  the  length  of  time  which  the  different  substances  to  be 
examined  require  in  order  to  cool  in  a  vacuum  from  one  known  temperature  to  another, 
e«M*h  being  placed,  as  nearly  as  possible,  under  identical  drenmstances. 

In  order  to  realise  the  neoeesair  oonditiona  for  determinations  of  this  kind,  the  sub- 
etances  to  be  examined  are  all  reduced  to  an  impalpable  powder,  and  filled  successively 
into  the  same  cylindrical  silver  vessel,  gilded  and  highly  polished  externally,  in  the  axia 
of  which  is  the  bulb  of  the  thermometer  by  which  the  prosress  of  the  cooling  is  to  be 
ehown.  The  silver  vessel,  supported  by  the  stem  of  the  thermometer,  is  suspended  in 
the  middle  of  a  large  brass  receiver,  coated  internally^  with  lamp-black,  from  which  the 
nir  can  be  complet^y  removed.  This  is  immersed  in  water  at  40°  C,  and  when  the 
thermometer  inside  the  apparatus  marks  36^,  it  is  transferred  to  melting  ice.  The 
thenaometer  is  now  watched  through  a  telescope,  and  the  instants  at  which  it  marks 
20  ^  1,6°,  10°,  and  5°,  are  noted.  If  all  other  orcumstancea  were  the  same,  the  time 
during  which  each  substance  underwent  the  same  fall  of  temperature,  would  be  a  mea- 
sure of  the  amount  of  heat  given  out  in  undergoinjyr  this  change — that  is,  of  the  specific 
heHt  of  the  substance ;  but  Regnault,  who  submitted  this  method  to  xery  carefbl  ex- 
amination (Ann.  Ch.  Phya.  [Z]  ix.  327),  found  that  it  was  impossible  to  obtain  results 
of  any  value  by  its  application  in  the  caae  of  solid  bodies :  with  liquids,  for  which  the 
Mime  sources  ot  error  do  not  occur  as  for  solids,  it  is  capable  of  giving  much  more  exact 
results. 

The  difficulties  attendant  on  the  exact  determination  of  the  spedfic  heats  of  gases  and 
vapours  are  veiy  much  greater  than  in  the  case  of  solids  and  liquids.  An  extensive 
series  of  experiments  on  this  subject  has  been  made  by  Regnault  Hd^m.  de  V  Acad,  des 
Sciences,  xxvi.  41)  with  elaborate  care,  the  prindpleof  his  methoa  being  to  observe  the 
alteration  of  the  temperature  of  water,  surrounding  a  spiral  tube,  caused  by  the  passage 
through  the  tube  of  a  known  quantity  of  gaa  which  enters  and  issues  from  it  at  known 
temperaturea.  A  description  of  the  apparatus  employed  in  these  researchea  and  of  the 
methods  of  experimenting  would  occupy  too  much  space  to  admit  of  its  being  given 
here ;  we  must  therefore  refer  for  detuls  to  the  paper  already  quoted.  (A  figue  of 
the  apparatus  and  a  tolerably  Ml  account  of  the  method  of  experimenting  are  also 
given  m  Daguin*s  TrmU  de  Physique^  2nd  edit  ii  276-280.)  The  prindpal  results 
obtained  are  enumerated  below  (p.  35). 

In  the  following  Table  are  given  the  spedflc  heats  of  a  considerable  number  of  the 
elementary  bodies,  according  to  the  results  obtained  by  Begnanlt  by  the  method  of 
mixtures.  When  the  specific  heat  of  the  same  element  has  been  determined  by  him 
several  times,  the  most  recent  result  is  eiven  in  the  Table.  The  third  column  gives  the 
temperatures  between  which  the  specific  heats  given  in  the  second  column  were  observed; 
the  numbers  contained  in  the  fourth  and  fifth  columns  will  be  referred  to  presently. 
The  specific  heats  of  the  gaseous  elements  are  not  included  in  this  table,  but  will  be 
found  in  a  subsequent  one,  together  with  the  specific  heata  of  some  other  gasea  (seep.  85). 
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HEAT. 

TMe  of  Specific  HeaU  of  the  BSmenU. 

Nun«. 

'K2^ 

Tsnpcratare. 

Atomic 
wdght. 

froauct 
of  ip.  ht. 
xat.  wt. 

lAuklUUl          •          •          •          • 

0-94080 

\0(fi  to     2r» 

7 

6-59 

Sodium         .... 

•29840 

6    „  -82 

28 

6-76 

Magnedam  ^        .        .        . 

•24990 

98    „      28 

24 

600 

Alntniniwm  (m,  heat  ooiTeoted 
for  2  p.  c  iron  inmimty)    . 

I    *21480 
•21200 

97    „      14 
100    „      50 

27-5 

5-89 
[6-57 

sc^d 

•18870 

80    „  -10 

5-85 

fi          •        • 

•17400 

10    „  -78 

81 

5-89 

amonihoiis 

•17000 

98    „       15 

5-27 

Sulphur  /recently  nelted) 
Siilphtir(Mlive)  . 

•20259 

98    „       14 

32 

6-48 

•17760 

99    „       14 

] 

5-68        1 

PotaBamki    •        •        •        . 

•16956 

0    „  -78 

89 

6-61 

Manganese    (eontaining    a> 
trueofsOiooB)                  ( 

•12170 

97    ,.      14 

55 

6-69 

Iron 

•11380 

98    „      17 

56 

6-87 

f  specimen    L(1840) 

IL(18«9) 

H       111.(1859) 

•10863 

99    .,       18 

(6-87 

Nickel- 

•10752 

97    „      17 

58-7 

6-81 

•11080 

97    ..      12 

6-50 

meeimen     L(1840) 
n.?1859) 

•10696 

99    „      12 

1 

f6-28 

Cobalt 

•10620 

98    H      10 

687 

6-23 

..        m.  1859) 

•10780 

97    .,        8 

16-80 

Copper         .... 

•09515 

98    „      15 

68-5 

6-04 

Zinc    ..... 

•09555 

99    „      14 

65 

6-21 

Aneme        .       •       •       . 

•08140 

98    ..       18 

75 

6-11 

(metaUie      . 
Selenium 

i  -07616 

;     07446 

•10310 

97    .,      21 

7    ,.  -18 

82    „      19 

79 

/602 
588 
8-15 

Titreoos 

-07468 

8    ^  -24 

5-90 

f90M    . 

•08482 

-20    „  -78 

80 

6*75 

Bromine     u^^^^        .       . 

(  -11294 

•11094 

1   •lOSlS 

58    „      18 
48    „      10 
10    „  -  6 

Molybdennm  (impure)  . 

•07218 

S2    '/      ^^ 

96 
1    104-4 

6-98 

Rhodium  |n>«am«n  ^ 

•05527 
•05808 

98    ;,      20 
97    „      11 

55*77 
J6-07 

Palladium    .... 

•05928 

98    .,       14 

106 

6-28 

SUver 

•05701 

99    „      13 

108 

6-16 

Cadmium  (containing  1  per) 
cent,  impurity)  .        .        ) 

•05669 

98    „      16 

112 

6-85 

Tin 

•05623 

99    „      12 

118 

6-68 

Uranium  (impure) 

•06190 

98    „       10 

120 

7*48 

Antimony     .... 

•05077 

97    „      12 

122 

6-19 

Iodine 

•05412 

98    „        9 

127 

6-87 

Tellurium     .... 

•04787 

98    „      18 

128 

606 

Tungrten      .... 

-08342 

98    „      12 

184 

615 

Gold 

•03244 

98    „       12 

196 

6-86 

Iridium        •        .        .        • 

•03259 

99    „      17 

198 

6-45 

Platinum     .... 

•03243 

99    „       12 

198 

6-42 

Osmium       .... 

•03113 

98    „      19 

199-2 

6-20 

Mercury  jjj^^.^ 

•03192 
•03382 

-40    „  -78 
98    ..       12 

200 

)6-88 
6-66 

mm,  1,.       \  acoordinff  to  Lamy 
Thallium  J              ^^^^t 

•03250 
•03855 

100    „      17 

204 

6-68 
6-84 

Lead 

C    03140 
j    -03065 
*    -03084 

98    „      15 
10    „  -78 

207 

6-50 
]6-d5 

Bismuth       .... 

98    „       18 

210 

6^48 

Boron  K^       !        ! 

•23520 
•26000 

99    „       17 
100    „       11 

11 

2  59 
2-76 

[wood  charcoal 

•24150 

98    ,.        8 

2*90 

Carbon    graphite 
diamond 

•20083 
-14687 

98    „       12 
98    ,.        9 

12 

2-41 
,1-76 

ffiiioon  ;sr^:   : 

•17740 
•17500 

99    „       12 
100    „       22 

28 

4-97 
4*90 
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The  following  short  table  ^wm  the  spedfle  heats  of  a  few  sabstances  which  requin 
to  be  taken  into  aooonnt  in  calenlating  the  results  of  the  experiments  from  whidi  the 
nomben  in  the  fovegoiBg  and  subsequent  tables  are  deduced:— 

Wa^iA  off  SkAaiMn^^  St^etflc  tinaf  TraoptfratOTM  b6CW6fln  wblch 

gtmmm  «■  rnmiimiTT.  sfwcuK:  ootk*        ^■^  gpedflc  heat  WM  obiWUd. 

Brass 0*09391  .  .  980  and  120 

Glass 0-19768  .  .  99     ^    14 

Oil  <if  turpentine      .        .        .  0*42^98  .  .  98    „    15 

Water 100800  .  .  98     „    18 

Numerous  determinations  hare  been  made  hy  Begnault  of  the  spedfic  heats  of  inor* 
sanic  eompounda.  A  selection  from  his  results,  sufl&ent  to  show  meir  general  naturs^ 
18  given  in  the  next  table.  The  temperatures  between  which  the  determinations  were 
made  are  not  given  in  the  table,  but  were  in  all  cases  a  tenmerature  approaching 
100^  C,  and  a  temperature  near  that  of  the  atmosphere.  In  toe  case  of  substancea 
which  are  soluble  in  water,  or  capable  of  being  chemically  acted  on  bj  it  in  any  way, 
the  calorimeter  was  filled  with  oil  of  turpentine.  The  different  substances  enumerated 
in  the  table  are  arranged  in  groups  according  to  their  chemical  con^odtion. 


TabU  of  Speoifie  Beats  oflnor^nie  CompowuU, 


Product  of 

KuMOf  SotatMoe. 

Forrauli. 

SpcdflehMl. 

Molecalar 
weight. 

•p.  beat 
xmol. 
wefflit. 

A.— BlATOMIO  HOLBOULBS. 

1.  Oxides 

MO 

Protoxide  of  lead  (fbsed) 

PbO 

0-06089 

228 

1186 

Oxide  of  mercury      . 

M 

•06179 

216 

1119 

Protoxide  of  manganese 

MnO 

•16701 

71 

1116 

Oxide  of  copper 

Oxide  of  nickel  (caldned) 

CuO 

•14201 

79^6 

1119 

NiO 

•16886 

74-7 

11-87 

Ma^esia. 
Oxide  of  sine    • 

MgO 

•24894 

40 

9-76 

ZnO 

•12480 

81 

1011 

2.  Sulphides 

MS 

Protosolphide  of  iron 

FeS 

•18670 

88 

11-9^* 

Sulphide  of  nickel    . 

NiS 

•12818 

90-7 

11-62 

cobalt    . 

CoS 

•12612 

90-7 

1136 

,,          sine 

ZnS 

•12808 

97 

11^93 

n          l^       • 

PbS 

•06086 

289 

1216 

„          mewmry. 
Stannous  sulphide 

HgS 

•06117 

282 

11-87 

SnS 

•08376 

160 

12-66 

3.  Chlorides 

Ma 

Chloride  of  lithium  . 

Lid 

•28213 

42-6 

11-99 

„           sodium  . 

Naa 

•21401 

68-6 

12-62 

„           potassium 

KCl 

•17296 

746 

12-88 

„           silver     . 

AgCl 

•09109 

143^6 

1307 

Hercurous  chloride 

Hga 

•06206 

236-6 

12-26 

Cuprous          n 

Cua 

•13827 

99-0 

13-69 

4.  Bromides 

MBp 

Bromide  of  potassium 

KBr 

•11322 

119 

13-47 

„           silver      . 

AgBr 

•07891 

188 

13-90 

„           sodium  . 

NaBr 

•13842 

108 

14-26 

6,  Iodides    .... 

MI 

Iodide  of  potassium . 

KI 

•08191 

166 

13-60 

Iodide  of  sodium      . 

Nal 

•08684 

160 

1308 

Mercurous  iodide     . 

Hgl 

•03949 

327 

12-91 

Iodide  of  silver 

a|i 

•06169 

236 

14-47 

Cuprous  iodide 

Cul 

•06869 

190^6 

1809 

B.— Tbiatoioc  Moijculm, 

1.  Oxides 

M0« 

Stannic  oxide  .        .        .        . 

SnO« 

•09326 

160 

18-99 
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HEAT. 


IMeofSpeeifie 

HeaU 

ofLMrgome  Ootwyotmcfe-— continued. 

Product  of 

NaniflorSiilMtaDce. 

FormoU. 

Spedfichatt. 

MolMolar 
wdght. 

•p.  beat   1 
X  mol. 
walght. 

iBiATOinc  Molecules  continued— 

Titanic  anhydride  (artificial)    . 

1         TiO« 

J  0-17164 
{    -17082 

j     82 

J 14-07 
{18-97 

(ratae)         . 

Silicic  anhydride 

8iO« 

-19182 

60 

11-48 

SbO« 

•09585 

154 

14-70 

2.  Sulpkidea        .... 

MS» 

Iron  pyrites     .... 

FeS« 

-13009 

120 

16-61 

Stannic  sulphide 

SnS« 

-11932 

182 

21-72 

Bisulphide  of  molybdenum 

MoS» 

-12334    . 

160 

19-73 

3.  Chlorides        .... 

Chloride  of  barium  . 

Baa« 

•08957 

208 

18-68 

„           strontium       .        . 

SrCl« 

•11990 

158-6 

1902 

„           calcixmi  . 

CaOT 

•16420 

111 

18-23 

„           magnesium     . 

MgCl« 

•19460 

95 

18-49 

„           mercuiy 

HgCP 

•06889 

271 

18-67 

„           rinc       .        .        . 

ZnCl« 

•18618 

136 

18-52 

lead       .        .        . 

PbCl« 

•06641 

278 

18-46 

,,           manganese     . 

MnCl« 

•14255 

126 

17-96 

SnCl« 

•10161 

189 

19-20 

4.  Iodides 

MI« 

Iodide  of  lead. 

PbP 

•04267 

461 

19-65 

„        meicuiy    , 

HgP 

•04197 

454 

1907 

C. — TsnuToino  HoLBonLia. 

1.  Oxides 

M0» 

Tungstic  anhydride  . 

»        • 

WoO« 

•07983 

232 

18-62 

Molybdie  anhydride . 
2.  Chlorides 

»        • 

MoO» 
MCP 

•13240 

144 

19-07 

Chloride  of  arsenic   . 

»        • 

Asa* 

•17604 

181-5 

81-95 

Trichloride  of  phosphorus 

PC1» 

•20922 

137-6 

28-77 

D. — ^Pentatomic  Molecules. 

1.  Simple  oxides 

MW 

Ai^-^eSS^"!    : 

1       A1«0» 

(   -19762 
j    -21732 

1  103 

20-35 
22-38 

Specular  iron    . 

Fe«0« 

•16695 

160 

26-71 

Arsenious  anhydride 

As«0« 

•12786 

198 

23-01 

Oxide  of  chromium  . 

Cr»0» 

•17960 

153 

27-47 

„       bismuth      . 

Bi«0» 

•06053 

468 

28-33 

„       antimony   . 

Sb«0« 

•09009 

292 

26-31 

2.  Mixedoxides   .        . 

MNO« 

a.  Nitrates. 

Nitrate  of  potassium 

NKO« 

•23875 

101 

2411 

,,        sodium     . 

NNaO» 

•27821 

85 

23-66 

silver       . 

NAgO» 

-14352 

170 

24-39 

6.  Carbonates. 

Iceland  spar 

/  -20868 

,20-86 

1           n              >i    gl^ 

-20850 

20-85 

CCaO« 

.    -21585 
•20989 

100 

21-58 

20-99 

121-48 

White  chalk  . 

I  -21486 

Carbonate  of  barium 

CBaO* 

-11038 

197 

21-74 

„           strontium 

CSrO« 

•14483 

147-6 

21-38 

iron      . 

CFeO* 

•19345 

116 

22-44 

8.  Sulphides 
Sulphide  of  antimony 

M*S« 

Sb«S« 

•08403 

340 

28-67 

,,         bismuth 

Bi«S« 

-06002 

616 

80-97 

4.  Chlorides 

MC1< 

Stannic  chloride 
Chloride  of  titanium 

SnCl* 

-14759 

260 

38-37 

Tia« 

-19145 

192 

36-76 
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Table  of  Bpeeifie  HeaU  of  Inorganic  Coiitpof<9u2«— continiied. 


Product  or 

NameofSulMtaoce. 

FormuU. 

Spedflcheat. 

Mol^lar 

•p.b«aC 
X  mol. 
welrht. 

% 

1.  8ulpkate9 
Sulphate  of  barium  . 

8M0« 
SBaO« 

011285 

238 

2628 

„        strontium 

8SpO« 

•14279 

1886 

26*36 

M        calcium. 

SCaO« 

•19656 

186 

26-73 

„        lead       .        . 

SPbO* 

•08728 

303 

2643 

„  X     magnesium 

SMgO* 

•22159 

120 

2659 

2.  Carbonates 

CMW 

Cazbonate  of  potassium    . 

CKW 

•21623 

138 

2984 

„         sodium 

CNa«0« 

•27275 

106 

28-91 

F.^HlPTATOMIO  MOLBOUUM. 

1.  Sulphates        .... 
Sulpliate  of  potassium 

SMW 

SKK)« 

•19010 

174 

33-08 

„        sodium . 

SNaK)« 

•23115 

142 

3282 

For  a  numerous  series  of  determinations  of  the  spedfie  heats  of  the  isomorphous 
sulphates  of  the  magnesian  group,  see  Pap e  (Pon.  Ann.  cxz.  337). 

With  resaid  to  aUoys  of  two  or  more  metals,  Segnault  found  that^  at  temperatures 
considerably  remored  from  their  melting  points,  their  specific  heats  are  the  means  of 
the  spedfie  heats  of  their  components.  In  the  following  table,  the  Taluee  giren  in 
the  column  headed  ** Calculated  Specific  Heats"  are  obtained  by  multiplying  the 
specific  heat  of  each  constituent  into  the  percentage  amount  of  it  contained  in  the 
alloy,  and  dividing  the  sum  of  all  these  pr^ucts  for  each  alloy  by  100 ;  these  Taluee, 
therefore,  would  exactly  represent  the  specific  heats  of  the  respective  alloys  if  the 
above  rule  were  ri^rously  true ;  the  correspondence  between  them  and  the  results  of 
direct  observation  is  sufiident  to  show  that  the  rule  is,  at  leasts  a  dose  approximation 
to  the  truth. 

Specific  Heat  of  Alloys, 


CompodUoDorAllQjr. 

Obtenred  >pccific 
hrac. 

homt. 

1  at  lead  +  1  at  tin 

1        „       +  2  at  tin 

1       ^       +  1  at  antimony 
1  at  bismuth  +  1  at  tin      . 
1          „          +  2  at  tin     . 
1          „           +  2  at  tin  +  1  at  antimony . 
1          „          •f2at.  tin+lat  antimony 
+  2  at  dnc 

004073 
•04506 
•03880 
•04000 
•04504 
•04621 

•05657 

004039 
•04461 
•03883 
•03987 
•04415 
•04564 

•05479 

In  the  case  of  alloys  which,  at  the  temperature  of  observation,  were  aj^proaching 
their  melting  points,  the  observed  specific  heat  was  always  considerably  hig^  than 
that  calculated  as  above. 

The  specific  heats  of  a  few  liquids  are  induded  in  the  tables  already  £Ten  (pp.  30 
and  32) :  we  append  here  the  results  obtained  by  Person  (Ann.  Ch.  ^vs.  [3]  xxi. 
333;  xxiv.  136^  H.  Kopp  (Pogg.  Ann.  Ixxv.  98)  and  Favre  and  Silbermann 
(Comptes  rend.  xxiiL  524 ;  also  Ann.  Ch.  Phys.  [3]  xxxvii.  464-470)  for  some 
additional  liquids,  simple  and  compound.  Favre  and  Siibermann*s  experiments  were 
made  by  cooling  the  liquids  in  the  mercurial  calorimeter  (p.  28),  from  their  respective 
boiling  points  to  temperatures  nearly  equal  to  that  of  the  surrounding  atmosphere. 


Vol.  m. 


Digitized  by 


Google 


34 


HEAT. 


Specific  Heats  of  Liquids, 


LiqaidB. 

Temperature. 

Specific  heat. 

OtMcrverk. 

Lead 

360O  to  460O 

00402 

Person 

Stilphur       .        •        •        . 

120    „  160 

•234 

Bismuth      •        •        «        • 

280     „  380 

•0363 

ff 

Tin 

250    „  360 

-0637 

Ciystallised  chloride  of  cal- 

cium       .        •        •        • 

33    „    80 

-656 

Nitrate  of  sodium 

320    „  430 

-413 

ff 

Nitrate  of  potassium    • 

350    „  436 

•3319 

Mercuiy      •        .        •        • 

44    „     24 

•0332 

Kopp 

Iodine         .... 

.         •         • 

•10822 

F.s; 

Bromine      .... 

.     46    „     11 

•107 

Andrews 

Sulphuric  add     . 

46    „     21 

•343 

Kopp 

Wood-spirit 

48    ,.     23 

•646 

t> 

•6713 

F.s. 

Alcohol       .... 

43    „    23 

•615 

•6438 

F.  S. 

Fusel-oil     .... 

44    „    26 

•564 

Kopp 

•5873 

F.S. 

Ethal 

... 

•6069 

" 

Ether 

... 

•60342 

Formic  add 

46    .,    24 

•636 

Kopp 

Acetic  add          .        . 

46    „    24 

-609 

Butyric  add 

46    „     21 

•603 

ft 

Formate  of  ethyl .        .        . 

89    „     20 

•613 

Acetate  of  methyl 

41     „     21 

•507 

i> 

Acetate  of  ethyl  . 

46     „     21 

•496 

»> 

•48344 

F.S. 

Butyrate  of  methyl     . 

46    „     21 

•487 

Kopp 

•49176 

F.S. 

Valerate  of  methyl      . 

46    „     21 

•491 

Kopp 

Acetone       .... 

41     „     20 

•530 

n 

Benzene      .... 

46    „     19 

•460 

It 

Oil  of  mustard     . 

48     „     28 

•482 

tt 

Oil  of  turpentine 

•46727 

F.s. 

The  specific  heat  of  water  at  difierent  temperatures  has  been  determined  by 
Kegnault  (M^m.  Acad.  Sdences,  xxi  729)  from  whose  experiments  it  appears  that 
the  quantity  of  heat  expressed  in  heat-units  which  one  gramme  of  water  loses  in  cooling 
duwn  from  ^  to  0^  C.  is  given  by  the  formula, — 

Q  «  <  +  0-00002  ^  +  0*0000003  <•; 

and  the  spedfio  heat  C  at  the  temperature  ^,  that  is  to  say,  the  quantity  of  heat 
required  to  raise  one  gramme  of  water  from  ^  to  (^  +  1)^,  by  the  formula, — 

C  -  1  +  0^00004 <  +  00000009  ^. 

From  this  formula,  the  following  numbers  are  obtained : 

Specific  Heat  of  Water, 


t. 

Q. 

C. 

t. 

Q. 

c. 

0<> 
60 
100 

0000 

60-087 

100-600 

1-0000 
1*0042 
1*0130 

160O 

200 

230 

161*462 
203-200 
234-708 

10262 
10440 
1-0668 

The  specific  heat  of  ice  is  connderably  less  than  that  of  liquid  water.  According 
to  Begnault's  experiments,  it  is  0-474  between  —  78°  and  0°  C,  and  0*604  between 
->20°  and  0°,  according  to  the  experiments  of  Person  and  of  Desains. 

It  results  from  Begnault's  determinations  of  the  specific  heats  of  gases  and  Tapours; 
made  in  the  manner  already  mentioned  (p.  29),  that  the  specific  heat  of  a  given 
weight  of  a  gas  which  obeys  Boyle*s  law  (Gasbs,  ii.  820)  does  not  alter  with  variations 
either  of  temperature  or  of  pressure.    This  was  found  to  be  true  of  atmospheric  air 
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between  the  temperatures  of  —  20^  and  +  226^,  and  at  pressures  rarying  from  1  to 
12  atmospheres.  Consequently  the  specific  heat  of  a  g^ven  volume  of  air,  or  other 
non-condensable  gas,  varies  directly  as  its  density.  In  gases  which  do  not  follow 
Boyle's  law,  this  regularity  does  not  exist :  thus  the  specific  heat  of  carbonic  anhydride 
is  found  to  increase  perceptibly  as  its  temperature  rises,  being  0*18427  between  —30® 
and  lO^*,  and  0*20246  between  10^  and  lOO'',  and  0*21692  between  10^  and  210<>,  as 
commred  with  that  of  an  equal  weight  of  water. 

The  following  table  gives  the  specific  heats  of  the  various  gases  and  vapouri 
examined  by  Keffnault,  compared,  first,  with  an  equal  weight  of  water  taken  at 
unity,  secondly,  with  that  of  an  e^ual  volume  of  air  referred  as  before  to  its  own  weight 
of  water  as  unity.  The  latter  series  of  numbers  is  obtained  by  multiplying  the  numl^rs 
expressing  the  specific  heats  of  equal  weights  of  the  various  gases  or  vapours,  by  their 
respective  densities  referred  to  that  of  air  as  1. 

Table  of  Specific  Heats  of  Gases  and  Vapours,    (Regnault.) 


Num. 

Specific  heats. 

/Air 

0*2374 

0^2374 

Oxygen      . 

•2175 

2406 

Simple  OP          ^ 

Nitrogen    . 

•2438 

•2368 

mixed  gases 

Chlorine    . 
Bromine 
'Nitrous  oxide 
Nitric  oxide 
Carbonic  oxide 

3*4090 
•1210 
•0666 
•2262 
•2317 
•2460 

•2369 
•2966 
•3040 
•3447 
•2406 
2370 

Carbonic  anhydride 

•2163 

•3307 

Compound 
gases 

Sulphurous  anhydride 
Hydrochloric  add 

•1644 
•1862 

•3414 
•2333 

Sulphydric  acid . 

•2432 

•2867 

Ammonia  . 

•6084 

•2996 

Marsh-gas 

•5929 

•3277 

1 

^defiant  gas 

•4040 

•3907 

rWater 

•4806 

•2989 

Sulphide  of  carbon 

•1669 

•4122 

Alcohol      . 

•4634 

•7171 

Methylic  alcohol 

•4680 

•6063 

Ether 

•4797 

1*2267 

Chloride  of  ethyl 

•2738 

•6096 

Bromide  of  ethyl 

•1896 

•7026 

Su]j)hide  of  ethyl 
Q^de  of  ethyl 
Chloroform 

•4008 

1*2466 

Vapours 

•4262 
•1667 

•8106 
•6461 

Chloride  of  ethylene 

•2293 

•7836 

Acetate  of  ethyl 

•4008 

1*2184 

Acetone 

•4126 

•8264 

Benzene             . 

•3764 

10114 

Oil  of  turpentine 
Trichloride  of  phoeph 

•6061 

2*3776 

orus . 

•1347 

•6396 

Chloride  of  arsenic 

•1122 

•7034 

Chloride  of  silicon 

•1322 

•7778 

Stannic  chloride 

•0939 

•8416 

.Chloride  of  titanium 

•1290 

•8664 

Comparing  these  values  with  those  given  for  some  of  the  same  substances  in  pre- 
vious tables,  it  appears  that  the  specific  heat  of  the  same  body  is  commonly  greater 
in  the  liquid  than  in  the  solid  state,  and  always  less  in  the  gaseous  than  in  Uie  liquid 
stote. 

On  examining  the  numbers  above  given  for  the  specific  heats  of  different  bodies,  it  will 
be  seen  that  the  specific  heat  of  a  substance  is  not  altogether  an  absolute  and  un- 
changeable pn^rty:  on  the  contrary,  it  will  be  evident  that  this  property,  in  one 
and  the  same  substance,  is  capable  of  considerable  variation,  depending  (a)  on  the 
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I  physical  stractnre  of  the  substance,  (b)  on  its  temperature,  (c)  on  its  state  of  sggrog; 

I  tion.    In  illostradon  of  this  remark,  it  will  be  sufficient  to  x«fer  to  the  specific  heata 

J  carbon,  silicon,  selenium,  sulphur,  phosphorus,  alumina,  and  carbonate  of  calcium,  s 

given  in  the  foregoing  tables,  in  evidence  of  the  influence  of  differences  of  ptijsic 

condition ;  to  the  specific  heats  of  lead,  phosphorus,  water,  and  ice,  in  eridence  of  U 

effect  of  differences  of  temperature ;  and  to  those  of  bromine,  mercury,  tin,  lead,  Hsmutl 

water,  &c,  in  the  solid  and  liquid  states,  in  evidence  of  the  effect  of  the  state  of  aggr 

I  gation. 

In  reference  to  the  connection  between  specific  heat  and  temperature,  it  may  1 

remarked  that  this  property  varies  to  a  greater  extent,  ibr  a  given  intenral  of  temp 

rature,  near  the  temperatures  at  which  changes  in  the  state  of  aggregation  occu 

,  than  at  a  distance  from  those  temperatures.    Thus,  the  specific  heat  of  l^d,  an  easi 

I  fusible  metal,  is  considerably  greater  between  10^  and  100°  C.  (»0'0314)  than  it 

j  between  l(P  and  —78°  C.  (» 0*0306);  and  that  of  phosphorus,  a  still  more  fnsib 

substance,  shows  even  a  greater  difference  when  compared  between  10°  and  34 

(specific  heat  =>  01887)  and  between  -71°  and  10°  C.  (specific  heat  -*  0*1740 

while  the  specific  heat  of  platinum,  one  of  the  most  infusible  of  all  the  metals,  vari 

to  a  scarcely  perceptible  extent  at  temperatures  below  100°  C,  and  only  slowly 

temperatures  considerably  higher.    The  mean  specific  heat  of  this  metal  between  (P 

and  the  temperatures  enumerated  below,  was  in  fact  found  by  Pouillet  to  be  repi 

sented  by  the  numbers  contained  in  the  second  line  of  the  following  table. 

Specific  Heat  ofFlatinwn, 


Intcrrml  of  temperaturrloO  and  lOQO 

OOandBOOO 

OO  and  500^  0*>  and  TOOO 

0*aodlOOOO 

QOand  IWO 

'  Meiin  sp«>€iac  heat      .       0*0335      1    0*03434 

0*03518         0-09GOS 

O-087M 

o-ot^oa 

The  specific  heat  of  solid  bodies  therefore  increases  with  rise  of  temperature,  up 
their  melting  points,  and  at  this  temprature  there  is  generally  a  further  suod* 
increase  of  specific  heat  of  a  considerable  amount. 

It  may  be  further  noticed  that  in  the  table  of  the  specific  heats  of  the  elemei 
(p.  30),  the  elements  are  arranged  nearly  in  the  order  of  their  specific  heats,  beginnu 
with  Uthium  (specific  heat  »  0*941)  and  ending  (if  we  disregard  for  the  present  t 
three  elements  carbon,  boron,  and  silicon,  which  are  placed  toother  after  the  reat)  wi 
bismuth  (specific  heat  0*031) ;  and  that  this  order  is  also  exactly  the  inverse  order  of  thi 
atomic  weights,  as  given  in  the  fourth  column,  the  atomic  weight  of  lithium  ( « 
being  less  than  that  of  any  other  element  included  in  the  table,  and  that  of  bismu 
( a  210)  being  greater  than  that  of  any  other  element  In  ffict»  not  only  do  the 
elements  whose  atomic  weight  is  lowest  possess,  as  a  rule,  the  greatest  specific  he: 
and  vice  versd,  but  the  specific  heats  of  the  elements  (in  the  solid  state)  are,  with 
comparatively  narrow  limits,  inversely  proportional  to  their  atomic  weights,  wh 
these  are  taken  m  having  the  values  given  in  the  fourth  column  of  the  table ;  so  th 
the  product  of  tlie  specific  heats  of  the  elements  into  their  atomic  weights  is  nearly 
constant  quantity ;  as  shown  by  the  numbers  in  the  fifth  column  of  the  table.  The 
numbers  may  be  taken  to  represent  the  atomic  heats  of  the  elements,  or  the  relati 
I  quantities  of  heat  which  must  be  imparted  to,  or  removed  from,  atomic  proportions 

I  the  several  elements,  in  olrder  to  cause  in  them  equal  alterations  of  temperature.     T 

table  shows  that  the  atomic  heats  of  the  elements  aro  not  represented  by  an  abeolut* 
constant  quantity :  but  when  it  is  considered  that  the  two  factors  (atomic  weight  a 
specific  heat)  of  which  they  are  made  up,  vary  in  the  proportion  of  1  :  30,  it  cannot 
denied  that  they  are  comprised  between  comparatively  very  narrow  limits :  for  (taki 
those  determinations  only  which  refer  to  comparable  conditions  of  the  several  elemen 
and  which  there  is  reason  to  believe  were  made  upon  nearly  pure  substances)  we  fl 
that  they  are  nearly  all  included  between  5*9  (aluminium,  ihodium)  and  6*9  (iodin 
the  greater  number  not  differing  much  from  6*5.  (The  high  atomic  heat  of  uraniu 
7*4,  is  doubtless  to  be  explained  by  the  impurity  of  the  metal  operated  upon.)  T 
general  accordance  is  amply  sufficient  to  indicate  the  existence  of  a  general  la 
although  the  individual  results  show  the  effect  of  some  one  or  more  disturbing  cans 
And  even  if  it  be  admitted  that  the  true  atomic  heats  of  the  elements  under  conside: 
tion  are  really  identical,  under  comparable  circumstances,  there  are  several  reasons  w 
the  experimental  atomic  heats,  deauced  Hke  those  in  the  fore^ing  table,  cannot 
•  expected  to  exhibit  the  same  identity.    The  most  important  of  these  reasons  are :  t 

unavoidable  experimental  errors  attaching  to  the  determination  of  the  specific  heaf 
the  imperfect  purity  of  some  of  the  elements  examined ;  the  circumstance  that  althou 
most  of  the  determinations  were  made  at  nearly  the  same  absolute  temperatures — ^name 
between  a  temperature  near  100°  and  that  of  the  atmosphere — the  different  elemei 
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are  not,  in  regard  to  their  specific  heats,  under  oompcurable  oxcumstaDees  at  these 
temperattues,  some  hemg  much  nearer  to  their  melting  point  than  others,  and 
therefore  having  in  general  relatively  hi^er  specific  heats  (see  ^.  86);  lastly, 
in  a  few  cases,  the  uncertainty  of  the  experimental  data  used  in  fixing  the  atomic 
weights. 

"nie  relation  of  approximate  e^ualit^  among  the  atomic  heats  of  the  elements  exists, 
however,  only  when  their  atomic  weights  are  allowed  to  have  the  values  given  in 
the  table:  these  values  are  in  very  many  cases  the  double  of  those  given  in  the 
table  of  atomic  wMghts,  vol.  i.  pp.  464,  466,  and  employed  in  the  fint  edition  of 
this  work.  If  the  latter  scale  of  atomic  weights  be  adopted,  the  elements  would  have 
to  be  divided  into  two  classes :  those  whose  atomic  heat  is  approximately  6*6,  and 
those  whose  atomic  heat  is  approximately  3*2.  The  fiict  that,  by  doubling  uie  atomic 
weights  of  the  latter  class  of  elements,  their  atomic  heats  would  be  brought  into 
harmony  with  those  of  the  former  dass,  is  in  itself  a  strong  argument  in  favour  of 
such  a  change ;  and  by  reference  to  the  articles  Atomic  Wkiohts  (i.  468-473)  and 
Glassuticatiom  (i.  1008, 1009,  foot-note)  and  the  article  AToiuaTT  in  theSxTPPLEMEirr, 
it  will  be  seen  that  it  is  supported  by  many  other  considerations,  both  chemical  and 
physical.  In  any  case  it  is  certain  that  the  numbers  in  the  column  headed  "  Atomic 
Weights,"  in  the  table  on  p.  30,  represent  quantities  of  the  various  elements  which 
are  calorimetriodly  comparable ;  and  it  is  therefore  best  to  assume  these  numbers  as 
really  representing  those  weights  of  the  elements  which,  in  relation  to  the  phenomena 
of  heat,  possess  the  properties  of  atoms.  Whether  the  chemical  atoms  of  the  elements 
are  always  identical  with  the  calorimetric  atoms,  is  a  question  that  is  perhaps  still 
open  to  discussion. 

It  is  Tery  important,  however,  not  to  overlook  the  fact  that  the  atomic  heats  of 
boron,  carbon,  and  silicon  form  unquestionable  exceptions  to  the  general  rule,  and  can- 
not be  brought  into  harmony  with  it,  by  the  adoption  of  any  atomic  weights  to  which 
the  present  state  of  chemical  knowledge  lends  any  serious  support. 

The  examples  which  have  been  given  (pp.  31-33)  of  the  specific  heats  of  compound 
bodies,  show  that,  within  certain  classes  of  allied  compounds,  the  same  kind  of  relation 
subsists  between  their  specific  heats  and  molecular  weights,  as  has  been  pointed  out 
between  the  specific  heats  and  atomic  weights  of  the  elements.  Consequently,  the 
molecular  heats  of  the  substances  comprised  in  each  such  class,  or  the  products  of  their 
specific  heats  into  their  molecular  weights  (see  the  last  column  of  the  table),  are 
approximately  equaL  In  calculating  these  molecular  heats,  the  atomic  weights  of  the 
elements  are  taken  as  baring  the  values  which  may  be  deduced  from  their  specific 
hetits ;  those  values,  namely,  which  are  given  in  the  previous  table.  Adopting  these 
atomic  weights,  it  will  be  seen  that,  as  a  rule,  the  molecular  heat  of  solid  compound 
b<jdies  increases  with  the  number  of  atoms  contained  in  their  molecule.  For  instance, 
the  molecuUur  heat  of  the  oxides  MO  enumerated  in  the  table  averages  about  11 ; 
that  of  the  oxides  MO*,  about  14;  that  of  the  oxides  MO',  about  19;  that  of  the 
oxides  M*0«,  about  26-6. 

An  extensive  series  of  determinations  of  the  specific  heats  of  solid  bodies  has  been 
made  by  H.  Kopp,  but  the  individual  results  have  not  yet  been  published  (1864) ;  we 
shall,  therefore,  instead  of  discussing  any  further  the  relations  between  specific  heat 
and  chemical  composition  which  might  be  deduced  frora  Regnault's  experiments  already 
giren,  reproduce  here  the  substance  of  the  remarks  which  Kopp  (Ann.  Ch.  Pharm. 
cxxvi.  362),  with  his  own  results  before  him,  makes  upon  this  subject. 

This  new  inrestigation  has  brought  to  light  a  considerable  number  of  additional 
examples  of  solid  compounds  which,  having  an  analogous  atomic  constitution,  possess 
also  approximately  the  same  molecular  heat  Among  these,  particular  interest 
attaches  to  the  case  in  which  an  analog  of  constitution  is  apparent  only  when  the 
atomic  weights  of  the  elements  are  admitted  to  have  the  values  assigned  to  them  in 
the  foregoing  tables,  and  where  the  formulse  previously  adopted  and  the  old  atomic 
weights  of  the  elements  would  never  have  caused  any  such  relations  between  specific 
heat  and  molecular  weight  to  be  suspected.  Just  as  the  molecular  heats  of  carbonates 
anc^  silicates,  M^CO*  and  M^SiO*,  and  of  nitrates  and  chlorates,  MNO*  and  MClO*, 
are  approximately  equal,  so  also  are  the  molecular  heats  of  the  permanganates  and 
perchlorates,  MMnO*  and  MClO*,  and  of  the  sulphates  and  chromates,  M^'SO*  and 
Jf  CrO*.  The  new  investigation,  however,  also  furnishes  some  additional  examples 
to  the  previously  known  exceptions  to  the  general  rule,  and  thuR  supplies  farther  evi- 
dence of  the  fiict  that  it  is  possible  for  bodies  of  analogous  constitution  to  differ 
considerably  in  their  molecular  heats. 

The  molecular  heat  of  a  compound  appears  to  be  goremod  only  by  its  empirical, 
and  not  by  its  rational  constitution.  AnnhjgouK  compounds,  in  one  of  which  a  complex 
group  oc^'upics  the  place  of  an  elementary  ittnm.  were  found,  even  when  isomorphouu, 
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to  have  unequal  molecular  heata ;  thus  the  molecular  heata  of  the  ammonium-oom- 
pounces  ore  considerably  greater  than  those  of  the  corresponding  potassium-oompounda, 
and  those  of  the  cyanogen-compounds  exceed  those  of  the  chlonne-compounds. 

The  atomic  (or  molecular)  heat  of  any  body  which  is  contained  in  a  compound,  or 
may  be  assumed  as  one  of  its  constituents,  may  accordingly  be  ascertained  indirectly, 
by  deducting  from  the  molecular  heat  of  the  compound  that  of  whatever  other  con- 
stituents it  contains  in  addition  to  the  body  in  question.  For  instance,  if  we  deduct 
from  the  molecular  heat  of  a  compound  of  the  form  M^M'^O^  (chromate  of  lead, 
tungstate  of  calcium,  &c)— which,  it  may  be  remarked,  is  twice  as  great  as  that  of 
compounds  of  the  form  M*^0'  (stannic  oxide,  titanic  anhydride,  &c) — the  molecular  heat 
of  the  base  M^O,  we  get  as  remainder  the  molecular  heat  of  the  anhydrous  acid  M^KD* ; 
and  the  same  remainder  is  obtained  by  deducting,  from  the  molecular  heat  of  acid 
chromate  of  potassium,  K*Cr*0*,  that  of  the  neutral  chromate,  K*CrO*.  Again: 
the  molecular  heats  of  hydrated  compounds  admit  of  being  regarded  as  made  up  of 
the  molecular  heat  of  the  respective  anhydrous  substances,  together  with  that  of  the 
water  contained  in  them  in  the  solid  form. 

Such  indirect  determinations  of  the  atomic  heat  of  a  substance  are  nevertheleas 
somewhat  uncertain :  not  only  because  it  occasionally  happens  that  analogous  com- 
pounds, which  there  is  everv  reason  to  expect  would  possess  equal  molecular  heats,  do 
neverthele8l^  according  to  the  experimental  determinations  of  their  specific  heats,  show 
important  d^erences  in  their  mcuecular  heats ;  but  also,  and  more  particulariy,  because 
the  total  uncertainty  attaching  to  the  determination  of  the  molecular  heat^  both  of  tJhe 
original  compound  and  of  the  element  or  group  which  has  to  be  deducted  from  it>  is 
accumulated  upon  the  relatively  small  remainder.  But  when  such  inferential  deter- 
minations aro  made  for  whole  series  of  corresponding  bodies,  and  not  merely  for 
individual  cases,  the  results  may  be  regarded  as  suf£dently  trustworthy  to  render 
such  considerations  as  arise  from  them  worthy  of  notice. 

This  is  especially  the  case  with  regard  to  the  inferred  specific  and  atomic  heats  of  cer- 
tain elements.  As  already  pointed  out,  nearly  all  the  elements,  when  examined  in  the  solid 
state,  are  found  to  have  approximately  the  same  atomic  heat— on  the  average,  about  6*4. 
It  is  now  very  generally  admitted  that  this— the  so-called  law  of  Bulong  and  Petit — 
holds  eood  for  all  the  elements,  and  a  scale  of  atomic  weights  of  the  elements  is  con- 
sidered as  satis&ctorily  established  if  the  products  of  these  atomic  weights  into  the 
specific  heats  are  nearly  equaL  In  the  case  of  some  elements,  however,  it  results, 
both  from  the  older  determinations  of  their  specific  heats  and  from  Kopp*s  newer 
determinations,  that  this  rule  is  inapplicable;  for  example,  the  specific  heats  of 
carbon,  boron,  and  silicon,  are  such,  that  the  products,  obtamed  bv  multiplying  them 
into  the  respective  atomic  weights—when  any  values  are  adopted  for  these  which  can 
possibly  be  deduced  from  chemical  considerations— are  always  decidedly  smaller  than 
the  corresponding  products  in  the  case  of  other  elements  whose  specific  heats  in  the 
solid  state  can  be  investigated. 

But  these  exceptional  or  accidental  results  acquire  additional  i  nterest  when  taken  in  con  - 
nection  with  the  conclusions  which  may  be  drawn  from  the  molecular  heats  of  compounds. 
Compounds  of  those  elements  which  obey  Dulong  and  Petit's  law  exhibit  a  regularity 
in  their  molecular  heats  {A.  H.) :  such,  namely,  that  these  are  as  many  times  greater 
than  that  of  an  element,  as  there  are  elementary  atoms  contained  in  the  respective 

AH 
compounds  (that  is  to  say,  — ^— ^=  6*4  nearly,  if  n  denotes  the  number  of  elementary 
ft 

atoms  in  one  molecule  of  each  compound).  This  regularity  appears,  not  only  in  alloys 
containing  atomic  proportions  of  different  metals,  but  also  in  the  metallic  chlorides, 
1»romides,  and  iodides  (see  table,  pp.  31, 32),  and  has  been  found  by  Eopp  to  extend  like- 
wise to  compounds  of  which  one  molecule  contains  as  many  as  seven,  or  even  nine, 
elementary  atoms  (such  as.ZnK*Cl*  and  PtK^Cl").    It  is  less  distinctly  recognisable 

in  the  cise  of  the  compounds  of  the  metals  with  sulphur  (  -^ — '-  \s  here  usually  less 

than  6X  and  no  longer  exists  for  the  metallic  oxides,  which,  almost  without  exception, 

AH, 
g^ve  for  the  quotient  -^—   a  number  decidedly  less  than  6,  and  smaller  in  proportion 

as  the  number  of  oxyeen-atoms  exceeds  that  of  the  atoms  of  metaL  For  water,  con- 
sidered of  course  in  the  solid  state,  this  quotient  is  only  about  3,  and  for  the  few 
organic  compounds  which  Kopp  has  examined  (such  as  tartaric  add  and  cane-sugar)  it 
is  still  less. 

The  fiict  that  this  regularity  is  absent  in  so  many  compounds  admits  of  only  ona 
explanation — namely,  uitX  they  contiiin  elements  which,  at  least  in  these  combinations, 
possess  a  different  atomic  heat  from  that  which  corresponds  to  Bulong  and  Petit's  law. 

It  has  often  been  assumed  that  the  specific,  and  therefore  the  atomic,  heat  of  an  ele- 
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ment  ma j  b6  different  in  eertoin  compounds  from  what  it  ii  in  the  free  state,  and  that 
it  may  be  difierent  in  one  oompoond  from  what  it  is  in  another.  Bat,  according  to 
Kopp,  the  only  groond  for  such  an  assompdon  is  that  by  means  of  it  the  caleoLited 
molectilar  heats  of  compound  bodies  can  be  brought  into  closer  agreement  with  the 
results  of  experiment ;  for,  as  he  remariu,  the  variations  which  the  specific  heat  of  an 
element  must  be  supposed  capable  of  undergoing  when  it  enters  into  combination  (if 
Dulong  and  Petifs  law  be  taken  as  applicable  to  all  elements  in  the  free  state^  are 
much  ffreater  than  the  Tariations,  dependent  on  differences  of  physical  condition, 
which  nave  ever  been  actually  observed  in  the  case  of  an  accurately  investigated 
element.  On  the  contrary,  it  appears  that,  in  many  compounds,  the  elementaiy  atoms 
of  which  they  are  composed  retain  the  atomic  heats  which  belong  to  them  in  the  free 
state ;  and  that,  moreover,  the  atomic  heats  which  can  be  indirectly  calculated  for 
certain  elements,  notwithstanding  their  disagreement  with  Dulong  and  Petit's  law, 
accord  veiy  closely  with  the  atomic  heats  which  result  from  the  dinct  investigation  of 
the  same  elements  in  the  free  state.  Ko^  accordingly  maintains  that — although  these 
last-mentioned  frets  render  the  calculation  of  the  molecular  heat,  and  thence  of  the 
specific  heat,  of  compound  bodies  from  the  atomic  heats  of  the  dements  much  more 
difficult,  and  although  they  make  the  agreement  between  the  roBuUs  of  calculation  and 
those  of  direct  obscurvation  much  less  coinplete — every  element,  when  considered  in 
the  solid  state,  and  at  a  temperature  sufficiently  removed  from  its  melting  point, 
possesses  one  essentially  invariable  specific  heat,  which  it  is  true  may  vary  somewhat 
with  dififbrences  of  physical  condition — such  as  greater  or  less  density,  amorphous  or 
crystalline  structure,  &e, — but  not  to  such  an  extent  as  some  of  his  determinations  of 
specific  heat  would  require,  if  Dulong  and  Petit's  law  were  really  applicable  to  all  the 
elements;  and  further,  that  the  specific  heat  of  each  element  in  the  free  state  is 
eesentiallv  the  same  as  that  which  it  possesses  in  its  compounds. 

By  deducting  from  the  molecular  heats  of  the  various  oxides  the  atomic  heats  of 
the  metals  contained  in  them,  or  by  deducting  from  the  molecular  heats  of  the  oxygen- 
salts  those  of  the  groups  which  are  therein  united  with  oxygen  (taking  awny  from  tho 
niolecuUr  heat  of  KCIO*,  for  example,  that  of  KCl,  or  from  that  of  PbSO*  the 
molecular  heat  of  PbS),  a  remainder  is  obtained  in  every  case  which  gives  for  the 
atomic  heat  of  oxygen  a  number  less  than  6.  For  the  reasons  already  stated  (p.  38), 
the  results  thus  arrived  at  do  not  affree  so  well  as  might  be  wished ;  nevertheless, 
Kopp  gives  it  as  his  opinion  that  t^e  atomic  heat  of  oxygen  cannot  differ  greatly 
from  4. 

When  the  molecular  heats  of  the  carbonates  M'CO*  and  M"CO'  are  compared  with 
the  molecular  heats  of  the  oxides  (M")*©*  (  =  3M"0)  and  (M'")*0»,  the  molecuhir 
he:its  of  the  carbonates  are  found  to  be  decidedly  smaller  (according  to  Begnaalt's 
experiments,  as  given  in  the  table,  pp.  31-33,  the  molecular  heats  of  the  carbonates 
M*(  0*  and  oxides  3>I"0  are,  on  the  avemge,  about  29*4  and  32'85  respectively  ;  those 
of  the  carbonates  M"CO*  and  oxides  (M'")*0',  about  2r7  and  25*6  respectively).  Such 
comparisons  show  that  the  atomic  heat  of  carbon  in  these  combinations  must  bo 
assumed  to  be  about  the  same  as  that  which  has  been  directly  found  for  free  carbon 
in  the  form  of  diamond ;  namely,  1*8.  Similar  comparisons  applied  to  other  elements 
lead  likewise  to  the  adoption  of  atomic  heats  which  are  much  smaller  than  what 
would  correspond  to  the  law  of  Dulong  and  Petit :  for  instance,  to  the  atomic  heat  2*3 
(nearly)  for  nydrogen ;  for  boron,  to  a  number  lying  between  2  and  3 ;  for  silicon,  to 
4  (nearly) ;  and  for  fluorine,  also  to  a  number  which  appears  to  be  distinctly  less 
than  6-4. 

The  specific  and  molecular  heats  of  compound  bodies  calculated  with  the  atomic 
heats  thus  arrived  at  for  the  elements,  show,  in  veiy  many  cases,  a  very  satisfactory 
degree  of  agreement  with  those  deduced  from  direct  experiment ;  in  many  other  cases, 
however,  they  show  iraportaint  discrepancies.  But  equal  discrepancies  may  likewise 
be  observed  among  the  molecular  heats  of  analogous  compounds,  such  even  as  contain 
elements  as  corresponding  constituents  which,  when  examined  in  the  free  state,  gave 
nearly  equal  atomic  heats.  Begnault  not  unfrequently  found  this  difference  amount  to 
one-tentn  of  the  molecular  heats  in  question ;  occasionally  it  was  still  greater. 

Kopp  considers  that  the  results  of  his  investigation  confirm  and  widen  the  conclu- 
sion, abeady  adopted  by  some  philosophers,  that  Dulong  and  Petit's  law  does  not  hold 
0>od  for  all  the  so-called  elements  in  the  solid  state.  For  a'  particular  group  of  elements 
It  is  undoubtedly  true ;  but  if  it  is  not  a  universal  law,  and  if  there  are  some  elements 
to  which  it  certainly  does  not  apply,  it  may  be  considered  doubtful  with  regard  to 
individual  elements,  whether  they  ought  to  be  looked  upon  as  agreeing  with  or  as  de- 
parting from  it  This  may  be  said  to  be  the  case  with  sulphur,  for  which  Kopp's 
determinations,  made  between  47^  and  the  temperature  of  the  atmosphere,  give  the 
atomic  heat  5*2,  nearly,  which  likewise  agrees  with  the  atomic  heat  of  sulpbnr  as 
indirectly  deduced  from  the  molecular  heats  of  the  metallic  sulphides. 
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In  ffeneml,  the  molecolar  heat  of  a  compound  increaMs  with  its  denee  of  eomplezit j, 
or  wiu  the  nnmber  of  elementaiy  atoms  contained  in  one  molecide^  and  this  mom 
espedally  in  the  case  of  sneh  as  contain  onlj  elements  idiieh  fdlow  Bnlong  uid  Pedf  • 
law.  Kopp  points  out  that  if  the  application  of  this  rule  be  extended  to  uie  elements 
themselyes,  the  fiiet  that  a  large  proportion  of  them  haTe  nearly  the  same  atomic  heat 
may  be  taken  as  an  indication  that^  whether  they  be  absolutely  simple  substances  or 
no,  they  are  at  least  bodies  of  a  comparable  degree  of  complexity ;  wnile,  on  the  other 
hand,  the  smaller  atomic  heats  of  some  elements  would  seem  to  show  tiiat  ther  are  of 
a  lower  degree  of  complexity,  or  approach  more  nearly  to  truly  simple  bodies,  than  the 
rest  It  would  thus  appear  to  be  possible  for  a  substance  which  can  be  proved  to  be 
compound,  to  hare  the  same  atomic  heat  as  a  so-called  element :  for  instance,  a  per- 
oxide, XO,  containing  an  element  whose  atomic  heat  was  equal  to  that  of  hydrogen, 
namely,  about  2*3,  would  hare  a  molecular  heat  of  about  2*8  +  4  -«  6*3,  that  is  to 
say,  the  same  as  that  of  chlorine,  iodine,  or  the  metals. 

With  regard  to  the  apparent  improbability  of  two  so-called  elements,  which  are 
capable  of  mutually  replacing  each  other  in  compounds,  like  hydrogen  and  the  metals — 
or  which  eyen  ^ypear  as  corresponding  constituents  of  isomorphous  substances,  like 
silicon  and  tin— ^ving  unequal  atomic  heats,  it  must  be  borne  in  mind  that  this  is 
not  in  reality  any  more  surprising  or  improbable  than  that  an  undecomposible  substance 
and  one  known  to  be  compound,  suco,  for  example,  as  hydrogen  and  peroxide  of 
nitrogen,  or  potassium  and  ammonium,  should  replace  each  other  in  compound  bodies 
without  causing  any  alteration  in  their  chemical  onaracters,  or  should  even  be  ei^Mible 
of  appearing  as  corresponding  constituents  of  isomorphous  substances. 

It  still  remains  to  consider,  rather  more  particularly  than  has  been  done  thus  far, 
what  it  is  that  is  measured  under  the  name  of  the  specific  heat  of  solid,  liquid,  or 
gaseous  substances,  by  the  methods  above  described. 

In  all  these  methods  of  measurement^  the  heat  imparted  to  the  various  bodies  does 
something  more  than  merely  raise  their  temperature :  it  causes  at  the  same  time,  as 
will  be  seen  by  what  follows,  an  expansion  or  increase  of  their  bulk ;  and  when  the 
bodies  are  again  cooled,  they  contract,  or  diminish  in  bulk,  to  an  equal  amount. 
Hence  the  specific  heats,  measured  as  above,  are  not,  strict^  speaking,  the  relative 
quantities  of  heat  required  to  raise  the  temperature  of  the  various  substances  to  the 
same  extent,  but  the  quantities  required  to  do  this,  and  at  the  same  time  to  cause  a 
greater  or  less  increase  of  bulk.  It  is  therefore  a  question  for  further  investigation, 
what  proportion  of  the  total  specific  heat  of  a  substance  goes  to  raise  its  tempera- 
ture, and  what  proportion  to  cause  it  to  expand,  or  possibly  to  modify  it  in  other 

The  expansion  which  accompanies  a  given  rise  of  temperature  is  inconsiderable  in 
the  case  of  solids  and  liquids,  compared  with  that  which  takes  place  in  gases ;  but^  it 
would  be  incorrect  to  conclude  that  the  proportion  of  the  total  specific  heat  of  solid, 
liquid  and  gaseous  substances  respectively,  which  is  expended  in  causing  expansion,  is 
in  proportion  to  the  amount  of  expansion  actually  produced  in  each  case.  On  the 
other  hand,  although  no  data  exist  which  make  it  possible  to  form  a  veiy  definite 
estimate  of  the  ratio  of  the  real  specific  heat  to  the  total  apparent  specific  heat  of 
solids  or  liquids  (see,  however,  p.  44),  it  is  certain  that  they  oppose  a  much  greater 
resistance  to  any  force  tending  to  alter  their  bulk  than  gases  do,  and  hence  the  com- 
paratively small  amount  of  expansion  which  they  undergo  may  require  the  expenditare 
of  as  much  or  more  heat  than  the  relatively  great  expansion  which  takes  place  in 
gases :  there  is,  therefore,  no  reason  to  believe  mat  the  ratio  of  the  two  specific  heats, 
in  the  case  of  solid  and  liquid  substances,  is  a  magnitude  of  a  different  order  firom 
what  it  is  in  the  case  of  gases. 

The  ratio  of  the  apparent  to  the  real  specific  heat  of  a  gas,  is  the  ratio  of  ita 
spedfie  heat  under  constant  pressure  (when,  therefore,  it  expands  as  the  temperature 
rises)  to  its  specific  heat  when  kept  at  a  constant  volume.  It  is,  of  course,  the  specific 
heat  under  constant  pressure  which  is  determined  by  the  method  already  described 
(p.  29),  and  which  is  given  for  several  gases  in  one  of  the  preceding  tables  (p.  36). 
That  Hie  specific  heat  of  a  ffas  kept  at  a  constant  volume  is  less  than  its  specific  heat 
under  a  constant  pressure,  is  obvious  from  the  following  considerations.  Suppose  a 
quantity  of  gas  to  have  had  its  temperature  raided  ^,  while  the  pressure  to  which  it 
was  exposed  remained  constant:  the  increase  of  temperature  will  have  been  accom- 
panied by  a  corresponding  increase  of  volume.  Now,  suppose  the  gas  to  be  com- 
pressed, so  as  to  restore  it  to  its  original  bulk :  the  result  of  this  compression  will  be 
to  raise  its  temperature  f^  more.  The  gas  will  now  be  in  the  same  condition  as  it 
would  hava  been  if  the  same  quantity  of  heat  had  been  imparted  to  it  without  ita 
beine  allowed  to  expand :  hence  it  is  evident  that  the  same  quantity  of  heat  that  is 
r»»quired  to  raise  the  temperature  of  a  given  woipht  of  pay  t^.  while  the  pressure 
r«>main8  constant,  will  suffice  to  raise  the  tempemt  art*  of  the  qhh  t  ■¥  t'  degrees  if  it 
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is  k^  at  a  ocmatant  Tolume.  The  apeeifie  heat,  c^,  oorrespondiDg  to  a  conatant 
presBiuv,  is  therefore  to  the  speciftc  heat,  e^  ooirespondiog  to  a  eonatant  Tolume,  as 
i  -k-  t  X/bU  One  gramme  of  air  has  ita  tempenture  zaiaed  I*'  C.  when  there  is 
imparted  to  it  0'237i  of  a  unit  (sramme-deeree)  of  heat,  and  it  expands  at  the  aarae 
time,  if  the  praaanre  remaina  uudtered,  by  ^  of  ita  bulk  at  O^C.  Aooording^y,  if  the 
eleration  of  temperature  consequent  on  oompreaaing  a  gaa  by  jfy  of  ita  bulk  at  0^  be 
o^,  it  ia  evident  that  the  ratio 

1  -t-g  _    il.  ^ 
1        ""     tf   " 
ia  the  ratio  of  the  specific  heat  under  constant  preasure  to  that  at  constant  Tolume. 
Clement  and  Deaormes  found  by  direct  experiments  upon  air  the  value  0*34^  for  a,  but 
it  is  plain  that  the  unavoidable  loss  of  heat  attending  such  experiments  must  cauaa 
the  result  to  be  too  low. 

A  leas  direct,  but  for  more  accurate  means  of  determining  the  ratio  k  ■■  — > 

not  only  for  air  but  for  several  other  gases  also,  is  afforded  by  the  theory  of  the  pro- 
pagation of  sound.  The  Telocity  with  which  a  wave-motion,  such  as  that  which 
constitutes  sound,  is  propagated  through  a  homogeneoua  medium  whose  ekstidty  ia 
the  same  in  all  directions,  depends  only  upon  the  elasticity,  s  (see  iL  370X  and  the 
density,  <f,  of  the  medium,  according  to  the  equation 


v/T- 


Thia  expression,  applied  to  the  movement  of  a  sound-wave  through  the  air,  becomes 


-  s/-T-  y^'*(x  +  «0: 


where  g  denotes  the  accelerating  force  of  gravity  (»  9*808  metres  •  82*18  feet); 
U^  760  mm. »  29*92  inches ;  o  the  weight  of  1  cub.  cent  of  mercury  at  0"" » 18*596  grm. ; 
»  the  weight  of  1  cub.  cent,  of  air  at  0^  and  under  a  pressure  of  760  mm.  mercury 
•>  0*001298  grm. ;  t  the  temperature  of  the  air,  a  its  coeffideni  of  expansion  tmder 

constant  preasure  («•  0'00867X  and  k  the  required  ratio  — .      Now  the  velocity  of 

sound  in  air  at  0^  has  been  experimentally  found  to  be  «  333  metres,  or  1092-6  feet 
per  second ;  hence  the  above  equation  gives 

333  _       /  9*808  *  0*76  x  13*696^ 
V  0*001293 

or  *  -  1-414. 

The  physical  reason  for  the  presence  of  the  masnitude  k  in  the  formula  for  the 
velocity  of  sound,  is  that  that  velocity,  being  dependent  upon  the  elasticity  of  the  air, 
varies  with  every  variation  of  Uie  elasticity,  and  that  the  alternate  heatings  and 
coolings,  caused  respectively  bv  the  alternate  condensations  and  rarefactions  wlueh 
constitute  the  waves  of  sound,  are  equivalent,  in  their  effect  upon  the  velocity'  of 
transmission  of  the  waves,  to  an  increase  in  the  elasticity  of  the  air  in  the  proportion 
of  1:*  -  1:1*414. 

In  the  above  formula  the  magnitudes  ^,  H,  <r  t^  and  a  are  all  independent  of  the 
particular  nature  of  the  ^  (at  least  in  the  case  of  perfect  gases ;  for  imperfect  gaaes 
the  value  of  a  varies  slightlyX  hence  if  v  and  v'  represent  the  velocities  with  which 
sound  traverses  two  different  gases,  $  and  $'  their  denaities,  and  k  and  U  the  ratios 
of  the  two  specific  heats  of  each,  we  have 


•0  that  the  ratio  k'  for  any  gu  mav  be  deduced  from  that  of  air,  provided  the  density 
of  the  gas  and  the  velocity  with  which  it  is  traversed  by  sound  are  known. 

Hence  fhe  investigation  of  this  ratio  is  reduced  to  that  of  the  real  velocities  of 
sound  in  different  elastic  fiuids.  For  any  other  gas  than  atmospheric  air,  it  is  nsele^ts 
to  think  of  measuring  direetlv  the  velocity  of  propagation  of  a  sonorous  wave ;  recourse 
muitt  obviously  be  had  to  indirect  means.  The  tiieoiy  of  wind  instruments  suggested 
a  mode,  which  was  first  indicated  and  put  in  practice  by  Chladni  and  Jacquin.  This 
method  consists  in  making  the  same  pipe,  with  a  flute  embouchure^  sound  suo^ssively 
with  all  the  elastic  fluids^  supposed  at  the  buue  temperature,  and  in  detenniniog  the 
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pit4ih  of  tone  given  by  each  gas.  Admitting  that  the  fluid  column  contained  in  th« 
inBtmment  expenences  the  same  mode  of  subdiTision  in  every  case— that  it  corre- 
sponds, fop  example,  to  what  is  called  the  fundamental  sound,  op  the  gravest  of  all 
those  whidi  the  theory  of  Bemouilli  indicates  fop  the  same  pipe,  we  easily  come  to 
taiow  the  lengUi  of  a  wave,  and  ite  duration  in  each  ekstic  fluid;  and  consequently 
the  velocil^  with  which  a  vibration  would  be  propagated  in  each  of  them. 
.  The  following  table  exhibits  the  results  of  bulong's  researches  on  this  subiect^ 
(Ann.  Ch.  Phys.  xlL  113) :  •* 


Names  of  the 
eUtfUc  fluid*. 


Air  •       •       • 

Oxygen    •        • 

Hydrogen 

Carbonic     an-  i 
hydride        j 

Carbonic  oxide 

Nitric  oxide     . 
defiant  gas     • 


ToDM  given 
bj  the  Mime 

pipe  60 
centim.  long. 


n^imed. 


Number  of 
Tibrations  in 
itexagetlmml 


Tempera- 
ture by  the 
centigrade 
tberm. 


600-4 
474-9 
476-2 
474-6 

1883-6 

1881- 
89318 
392-68 
601-3 
603-07 
392-7 
466-9 


(  474-9  ) 

\   476-2  [ 

(  474-6  J 

)  1883-6  ) 

J  1881-  { 


220 
21 

17 

22 
20-5 

16 

20-6 
16 


|y 


Velocity  of 

Numbers    *]L*P"»P^ 
adoptedin 


the  calcula- 
tion for  the 
density  of 
the  fluid. 


1 
11026 

0-0688 
1-624 

0-974 

1-627 
0-981 


gaCtboof 

sound  lit  0°, 

deduced 

from  the 

tone  given 

by  each 

fluid. 


81717 

1269-6 
261-6 

337-4 

261-9 
314 


Ratio  of  the 
specific  heats 
at  R  constant 
pressure,  to 
tlie  specific 
heat  at  a  con- 
stant volume. 


1-417     [ 
I   1-413    j 


1-421 

-416 

•417 

•413 

1-409 

1-406 

1-367 

1-340 

1-423 

1-433 

1-343 

1-240 


j  1-367  I 

i  1-340  ( 

(  1-423  ) 

}  1-433  ( 


The  slight  difference  between  the  value  1-421,  obtained  by  Dulong  for  the  ratio  of  the 
two  specific  heats  of  air,  and  the  number  1*414  already  given  is,  in  part,  due  to  the 
changes  which  have  taken  place,  since  the  date  of  his  experiments,  in  the  adopted  value 
of  the  constants  which  enter  into  the  calculation. 

Theoretical  views  of  the  nature  of  heat  and  the  constitution  of  gaseous  bodies, 
which  will  have  to  bo  further  considered  in  a  subsequent  part  of  this  article,  lead  to  the 
conclusion  that,  for  all  perfect  gases,  the  difference  between  the  two  specific  heats  of  a 
unit  of  volume  is  ejEpressed  by  the  equation 


y-y  =  A 


a  +  i 


(«) 


where  ^  is  a  constant  (the  thermal  equivalent  of  the  unit  of  work),  p  and  t  the  pres- 
sure and  temperature  of  the  gas,  and  —the  coefficient  of  expansion,  and  therefore 

a  «  273  nearly.  The  right  hand  member  of  this  equation  contains  nothing  which 
depends  on  the  particular  nature  of  the  gas  to  which  it  is  applied ;  and  hence,  if  the 
temperature  and  pressure  are  taken  the  same  for  all  gases,  the  difference  7'— 7  will  be 
the  same  for  all  K  the  values  of  y  and  y  applicable  to  atmospheric  air  be  dis- 
tinguished as  7/,  and  7^,  we  have 

y-  7  =  7/-7^ 

an  equation  which  remains  true  whatever  unit  of  volume  is  adopted,  and  therefore 
also,  if  with  Regnault,  we  take  this  unit  to  be  the  volume  occupied  by  a  unit  of 
weight  of  air  at  the  same  temperature  and  pressure  as  the  gas  under  consideration. 
Therefore 

y-7  a  7/— 7^  «  0-2374  -  0-1680  «  0*0694  and  7  =7'  —  0*0694. 

By  means  of  this  eouation,  the  specific  heats  of  the  various  gases  under  constant 
volume  may  be  calculated  f^m  their  specific  heats  under  constant  pressure  as  given  in 
the  table  on  p.  36.  The  numbers  so  obtained  will  refer  to  the  unit  of  volume  adopted 
by  Regnault ;  to  deduce  therefrom  the  specific  heats  which  correspond  to  a  Wiit  of 
weighty  these  numbers  require  merely  to  be  divided  by  the  densities  of  the  respective 
gases ;  and  to  obtain  the  specific  heats  compared  with  that  of  an  equal  volume  0/  air 
•!•-- -"St  be  divided  by  0-1680. 
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Acoordiiig  to  eooation  (a)  the  quotient  -^ 

7 

*  -  1   +  — 


A;  becomes 


a  +  t 


and  it  therefore  exceeds  nnitj  by  a  quantity  which  is  inversely  proportional  to  7. 

Further,  the  geneml  considerations  above  referred  to  make  it  probable  that  the  tme 
specific  heat  of  equal  volumes  of  all  simple  gases  \b  the  same,  and  that  the  specifie 
heat  of  compound  gases  is  equal  to  that  of  the  simple  gases  multiplied  by  the  fraction 
which  represents  Uieir  molecular  condensation  (eg,  far  hydroduorio  add  the  multi- 
plier would  be  — 5—  «-  1,  for  water  — - —  «  1'6,  fbr  ammonia  — - —  ■■  2,  &c). 

The  following  -table,  which  is  copied  with  very  slight  modifications  from  tables 
given  by  Clausius  (Ann.  Ch.  Pharm.  cxviii  118)  and  Bu  ff  (ibid,  cxv.  312 ;  see  also 
pp.  800,  307),  and  may  be  considered  supplementary  to  the  table  on  p.  86,  gives  the 
results  of  the  applicatioa  of  these  formuln  to  the  gases  and  vi^Mmrs  which  were  the 


1. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 
True  ID. 

8p.  haac 
ofaqoal 

8|Mdflc  heat  at 

heat 

cootunt  ▼olume. 

com- 

Tolumet 

Value  of 

pared 

Kama  of  gat. 

FormaU. 

Density. 

under 
cooatant 
pretrare 

Air— 1. 

Bqual 

weight*. 

Watar 

B  1. 

ill 

r-»- 

with 

that  or 

theele. 

mentary 

gaset. 

Air 

10000 

1-00 

0-168 

100 

1-413 

1-0 

Oxygen 

0« 

11056 

101 

•156 

1-02 

1-403 

1-0 

Nitrogen     . 

N« 

•9713 

1-00 

•178 

1-00 

1^409 

10 

Hydrogen   . 

H» 

•0692 

•99 

2-406 

•99 

1-417 

10 

Chlorine     . 

Cl« 

2^4602 

1-26 

•093 

1-85 

l-O 

Bromine     . 

Br» 

5-4772 

1-28 

•043 

1-39 

, 

l-O 

Nitric  oxide 

NO 

1*0384 

101 

•166 

1-02 

1^463 

10 

Carbonic  oxide   . 

CO 

•9678 

1-00 

•173 

1-00 

1-416 

10 

Hydrochloric  acid 

HCl 

1-2696 

-98 

•180 

•98 

, 

1-0 

Nitrous  oxide     . 

N'O 

1-5241 

1-45 

•180 

1-64 

1-243 

1-6 

Water        .        . 

HH) 

•6219 

1-26 

•369 

1-36 

1-302 

1-6 

Salphydric  acid  . 
Carbonic  anhydride 

H«S 

11747 

1-20 

•184 

1-29 

. 

1-6 

C0« 

1-6201 

1-39 

•171 

1-66 

1-266 

1-6 

Sulphurous  anhydride 

80« 

2-2113 

1-44 

•123 

1-62 

.    , 

1-6 

Sulphide  of  carbon 

C8« 

2-6268 

1-74 

•131 

206 

,    , 

1-6 

Ammonia  . 

NH» 

6894 

1-26 

•391 

1-37 

,    , 

2-0 

Marsh-gas  . 

CH* 

•5627 

1-38 

•467 

1-54 

,    , 

2  6 

defiant  gas 

CR* 

•9672 

1-66 

•832 

1-91 

1144 

30 

Alcohol      . 

C«H«0 

1-6890 

302 

•408 

8-86 

,     , 

4-6 

Ether 

C*H"0 

2-6673 

618 

•464 

6-91 

1069 

76 

Sulphide  of  ethyl 

C*H«»S 

3-1101 

6-29 

-378 

700 

, 

7-6 

Chloride  of  ethyl 

c«H»a 

2-2269 

2-67 

-242 

3-22 

.     . 

40 

Bromide  of  ethyl 

C«H»Br 

3-7068 

2-96 

•171 

3-77 

.     . 

4-0 

Cyanide  of  ethyl 
Chloroform 

C«H»N 

i-9021 

3  41 

•332 

4-41 

,     , 

4-6 

CHCl* 

41244 

2-72 

•140 

8-43 

.     , 

2-6 

Chloride  of  ethylene 

C»H«C1« 

34174 

3-30 

•209 

4-26 

, 

40 

Acetate  of  ethyl. 

C*H»0« 

30400 

6-13 

-878 

684 

*     [ 

70 

Acetone 

CHH) 

20036 

3-48 

•378 

4-60 

, 

60 

Benzene     . 

C«H« 

26943 

4-26 

-860 

6-61 

, 

6-0 

Oil  of  turpentine 
Trichloride  of  phosph 

C"H'« 

4-6978 

1001 

•491 

13-74 

.     . 

13-0 

[>ru8  . 

PC1» 

4-7464 

2-69 

-120 

3-39 

Chloride  of  arsenic 

AsCl* 

6-2667 

2-96 

•101 

3-76 

Chloride  of  bilicon 

SiCl« 

6-8833 

3-28 

•121 

4-22 

Stannic  chloride 

SnQ*     8-96o4 

3-64 

•086 

4-69 

Chloride  of  titanium 

TiCl*     6  6402:    3-61 

•119 

4-68 

subject  of  Regnault's  experiments.  Column  I.  gives  the  names  of  the  gases; 
column  II.  their  chemicat  composition:  the  formulae  in  this  column  represent  two 
volumes  of  the  several  gases :  honce  the  molecular  condensation  of  each  gas  is  obtained 
by  dividing  the  number  of  atoms  in  its  formula  by  2.    Column  III.  gives  the  densities 
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adopted  by  Bcgnault  in  his  calculations.  Colnmn  IV.  gives  the  specific  heats  under 
constant  ^tssure  compared  with  that  of  an  equal  volame  of  air  taken  as  nnity.  The 
numbers  in  this  column  are  obtained  from  those  in  the  last  colnmn  of  the  table  on 
p.  36  by  dividing  each  by  0*2374  *«  specific  heat  of  air  under,  constant  presfmre. 
Columns  V.  and  Yl.  contain  the  specific  heats  corresponding  to  a  constant  volume 
compared  (V.)  with  that  of  an  equal  weight  of  water,  and  (VI.)  with  that  of  an 
equal  volume  of  air.  C!olumn  VII.  gives  Sie  ratio  of  the  two  cpicific  heats  for  some 
of  the  most  important  gases,  obtained  by  dividing  the  specific  heats  of  equal  weifi;hts 
under  constant  pressure,  as  given  in  the  previous  table  (p.  35),  by  the  corresponding 
values  in  column  V.  of  this  table.  Column  Vm.  contains  the  theoretical  true  specific 
heats,  compared  with  the  true  specific  heat  of  an  equal  volume  of  air  or  any  simple 
gas.  These  numbers  are  calculated  upon  the  supposition  that  the  true  specific  heats  of 
Sie  elementary  gases  are  the  same  in  the  combing  as  in  the  uncombined  state. 

On  comparing-  the  numbers  in  columns  VI.  and  VIIL  it  will  be  seen  that 
there  is,  on  the  whole,  an  unmtstakable  correspondence  between  them,  but  that  they 
exhibit  also  in  many  cases  decided  discrepancies.  These  are  probably  due,  in  part  to 
errors  of  experiment,  and  in  part  to  the  fact  that  the  method,  by  which  the 
numbers  representing  the  specific  heats  at  constant  volume  are  calculated  from  those 
representing  the  specific  heats  at  constant  pressure,  is  quite  accurate  only  in  the 
case  of  perfect  |;ases ;  and  further  that,  even  if  the  numbers  in  column  VI.  repre- 
sented the  specific  heats  for  constant  volume  with  perfect  accuracy,  these  numbers 
would  not  necMsarily  agree  with  those  in  column  VIII.,  except  for  perfect  gases. 

The  true  specific  heat  of  a  gas,  that  is,  its  specific  heat  under  a  constant  volume, 
is  regarded  by  Clausius  (Phu.  Mag.  [4]  xxiv.  204,  205)  as  the  true  specific  heat  of 
the  substance  in  all  states  of  aggregation,  and  in  the  combined  as  well  as  the  free 
state.  Rankine,  on  the  other  hand  {A  Manual  of  the  Steam  Engine,  &c.,  p.  307  \ 
while  admitting  Uiat  the  true  specific  heat  of  each  substance  remains  constant  at 
all  densities,  so  long  as  the  substance  retains  the  same  condition,  solid,  liquid,  or 
gaseous,  supposes  that  a  change  of  real  specific  heat>  sometimes  considerable,  often 
accompanies  the  chanee  between  any  two  of  these  conditions.  But,  as  Clausius  has 
pointed  out  (loc.  cit. ;  sIbo  Poge.  Ann.  cxx.  438),  there  is  no  obvious  reason  why  the  real 
tipecific  heat  of  a  body  shomd  be  supposed  to  undergo  alteration  on  the  passage 
fi'om  one  state  of  aggregation  to  another,  if  it  remains  constant  within  the,  same 
state  of  aggregation ;  for  the  changes  of  density  and  elasticity,  which  accompany 
changes  of  temperature  within  one  and  the  same  state,  do  not  differ  in  kind,  but  only 
in  degree,  from  those  which  constitute  the  passage  from  one  state  to  another 
Assuming,  therefore,  that  the  specific  heat  under  constant  volume  of  a  substance  in 
the  gaseous  state  is  its  real  specific  heat  under  all  conditions,  we  have,  for  water,  for 
instance. 

Ratio  of  apparent  to  real  specific  heat  in  the  solid  state  (be-  ,gf.. 

tween  -20=andOO) -    -^*  -  1-367 

Ratio  of  apparent  to  real  specific  heat  in  the  liquid  state  (be- 
tween 0^  and  100°) 


1-008 

•369 

-4805 


-    2-732 


Ratio  of  apparent  to  real  specific  heat  in  the  gaseous  state        .    •»  «    1*302 


2.  Changes  of  Volume  produced  by  Heat, 

It  is  an  almost  universal  law  that,  when  heat  is  imparted  to  any  body,  the  body 
expands  or  augments  in  bulk,  unless  prevented  from  doing  so  by  a  corresponding 
increase  of  external  pressure,  and  that  any  body  from  which  heat  is  withdrawn  con- 
tracts or  diminishes  in  bulk.  The  exceptions  to  this  law  are  extremely  few,  and  occur 
only  within  particular  limits  of  temperature :  the  most  important  will  be  specially 
pointed  out  hereafter.  Admitting  the  atomic  hypothesis  of  the  constitution  of  matter, 
it  is  impossible  to  conceive  of  expansion  otherwise  than  as  a  movement  of  the  mole- 
cules of  a  mass,  which  has  for  its  effect  to  increase  their  mean  distance  from  e^ieh 
other.  Hence  when  heat  causes  a  body  to  expand,  it  acts  in  opposition  to  the  forces 
which  tend  to  prevent  the  f^irther  separation  of  the  molecules ;  and  the  bulk  of  the 
body  at  anv  given  temperature  is  the  result  of  an  equilibrium  between  these  forces  and 
the  expansive  force  of  the  heat  contained  in  it  at  that  temperature.  The  forces  by 
which  the  particles  of  a  mass  are  held  together  consist  in  part  of  the  pressure  to 
which  it  is  subjected  from  without,  and  partly  of  the  pressure  arising  from  the  mutual 
attractions  of  the  particles  themselves.  This  latter  pressure,  vliich  is  known  aa 
cohesive  force,  has  a  much  greater  effect  in  determining  the  bulk  of  .solid  and  liquid 
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IxxiiHi  than  any  pressare  which  acts  upon  them  from  without^  and  it  yari<«  not  only 
in  ditK^rent  bodies,  but  even  in  the  same  body  its  value  is  different  at  different  tem- 
p^mtores.  Hence  it  is  not  surprising  that  the  rektions  subsisting  between  the 
temperature  and  bulk  of  solid  and  liquid  substances  should  be  somewhat  complex. 
In  perfect  gases,  howerer,  cohesion  does  not  exist,  and  hence  the  only  opposing  force 
which  heat  has  to  oreroome  in  order  to  cause  them  to  expand  is  the  external  pressure. 
Consequenliy  it  is  found  that  the  rate  of  expansion  of  gases  bears  a  much  more  simple 
relation  to  the  heat  by  which  it  is  caused,  than  that  obeerred  in  solid  and  liquid 
bodies.  It  is,  therefore,  oonyenient  to  consider  the  laws  of  the  expansion  of  gaseous 
substances  before  eramining  those  which  regulate  the  expansion  of  matter  in  3ie  two 
other  states  of  aggregation. 

Bzpaasloii  of  CNMes.— In  a  perfect  gas,  Tolume,  elasticity,  and  temperature 
would  be  related  to  each  other  in  the  manner  expressed  by  the  equation 

p«  -  /(a  +  0. («) 

where  v  is  the  Tolume  of  a  given  weight  of  the  gas  at  the  temperature  t  and  under  the 
pressure  p,  and  J  and  a  are  constants.  Hence,  if  v'  were  the  volume  of  the  same 
weight  of  the  same  gas  corresponding  to  any  other  pressure,  p',  and  temperature,  t\  we 
should  have 

J^-fH (*) 

No  absolutely  perfect  gas,  however,  is  known  in  nature,  so  that,  according  to  the 
best  experiments,  the  values  of  a  which  correspond  to  different  values  of  j>,  tr,  and  /, 
are  not  quite  constant^  but  vary  slightly,  not  odv  with  variations  of  these  factors, 
liut  also  according  to  the  nature  of  the  gas.  Tne  properties  of  air,  however,  and 
the  other  non-con<&nsable  gases  accord  so  nearly  with  the  above  formuln — which  are 
in  fuct  nothing  more  than  a  statement  ci  the  laws  of  Boyle  and  Oay-Lussac 
(Gasks,  ii.  819  ♦) — that,  except  in  cases  where  extreme  accuracy  is  required,  the  accord 
may  be  considered  perfect 

If  in  the  above  equation  {b)  we  make  p  «  p'  we  get 

1         P  — 1>*  .  ^ 

a"  v't-vf' ^^^ 

that  is,  -  is  the  coefficient  of  expansion  of  the  gas  under  constant  pressure,  or  the  amount 

by  which  that  quantity  of  gas  which  occui>ieB  a  unit  of  volume  at  0**  C.  expands,  under 
constant  pressure,  when  its  temperature  is  raised  one  degree.  Similarly,  by  making 
t;  a  1^,  we  have 

a     p't-pr ^  ' 

1 
or-,  is  also  the  eorfficient  of  expansion  of  the  gas  under  constant  volume^  or,  more  cor- 
rectly (since  when  v  ^  v'  no  actual  expansion  can  take  place),  -  ia  the  coefficient  of 

increase  of  elasticity,  or  the  increment  of  elasticity,  under  a  constant  volume,  for  a  rise 
of  temperature  of  one  degree,  of  a  gas  whose  elasticitj  at  0^  G.  is  unity.    For  a  perfect 

gas,  it  is  obvious  that  these  two  values  of  -  would  be  equal 

The  first  tolerably  accurate  determinations  of  the  coefficients  of  expansion  of  gaseous 
bodies  were  made  by  Gay-Lussac.  He  used  in  his  experiments  a  vessel  shaped  much  like 
a  thermometer,  having  a  bulb  about  1  centimetre  in  diameter,  and  a  tube  about  30  or  40 
centimetres  long,  and  1  or  1*6  millimetres  wide.  The  tube  was  divided  into  lengths  of 
equal  capacity,  and  the  proportion  between  the  total  capacity  of  the  bulb  and  that  of  one 
division  of  the  tube  was  accurately  determined.  The  apparatus  having  been  filled  with 
air  dried  by  passing  through  a  chloride-of-calcium  tube,  a  drop  of  mercuiy,  occupying 
a  short  length  of  the  divided  tube,  was  employed  to  cut  off  the  enclosed  air  from  com- 
munication with  the  atmosphere,  and  at  the  same  time  to  serve  as  an  index  wherebjr  to 
read  off  its  volume.  The  bulb  was  then  fixed,  with  the  stem  horizontal  and  projecting 
through  the  side,  in  a  vessel  filled  with  water,  through  the  medium  of  which  it  could 
be  heated  to  various  temperatures.  The  volumes  occupied  by  the  air  at  each  tempera- 
ture coidd  be  read  off  upon  the  divided  tube  by  noting  the  position  of  the  little  column 
of  mercuiy ;  but  the  volumes  thus  determined  required  to  be  corrected  (a)  for  the 

■'      a  ^  t 
•  BqnatloD  (ft)  may  obvlootly  be  pat  Into  the  form  »  a  v*  ^  •  j^-p,  and  li  then  Ucntieal  with  that 

by  which  these  Uwi  are  represented  at  the  place  quoted. 
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expansion  of  the  glass,  (b)  for  the  lower  temperature  of  the  portion  of  air  oontaiiied  is 
the  part  of  the  tu^  outsiae  the  water-bath,  and  (e)  tor  the  possible  alterations  of  hao- 
metric  pressure  during  the  experiment  Independently  of  these  latter  alterations,  wfaieb 
were  always  Teiy  inconsiderable,  the  pressure  upon  the  gas  remained  constant  during 
the  experiment:  it  was  the  Tolume  which  changed.  Applying  the  same  method  tc 
other  gases  and  to  vapours,  Gay-Lussac  condud^  that  all  gases  and  vapours  (at  tern* 
peratures  sufficiently  removed  from  their  points  of  lique£Ei^on)  expanded  by  heat  t  c 
the  same  extent ;  that,  namely,  when  heated  from  0°  to  100°  C.  they  expanded  in  the 
proportion  of  1 :  1*375,  or  for  1°  C.  by  0*00376  «  fJij  of  their  volume  at  0°. 

The  confidence  which  these  results  naturally  excited,  in  consequence  of  the  high 
reputation  of  the  author,  was  still  further  increased  bv  the  confirmation  which  they 
received  at  the  hands  of  Bulong  and  Petit,  and  also  because  it  was  considered  pro- 
bable, on  theoretical  grounds,  that  in  substances  in  which  cohesive  force  no  longAx 
existed^  the  expansive  action  of  beat  should  be  independent  of  chemical  composition. 
Hence,  when  the  Swedish  physicist  Kudberg  annotmced,  as  the  result  of  his  own  more 
accurate  experiments,  that  the  coefficient  of  expansion  found  by  Gay'Lussao  was 
eonsiderably  too  high,  the  statement  was  at  first  received  with  hesitation. 

Budbeig  determined  the  value  of  the  coefficient  of  expansion  of  air  C-j  between 

(P  and  100°  C.  by  two  series  of  experiments.  In  the  first  he  determined  the  contrac* 
don  undergone  by  a  given  quantity  of  air  on  cooling  from  100°  to  0°  under  a  nearly 
constant  pressure;  in  the  second,  the  difference  in  the  elastic  force  at  0°  and  100^  of  a 
quantity  of  air  kept  at  the  same  volume  at  the  two  temperatures.  Making  t  and  f  in 
equations  (c)  and  (d)  respectively  ■■  100  and  0,  the  results  of  his  experiments  may  be 
stated  as  follows : — The  mean  of  twelve  experiments  by  the  first  method  gave  for  the 
coefficient  of  expansion  under  constant  pressure — 


1      y- t/ 
lOOv' 


0*003648  =  2741 


the  mean  of  ten  experiments  by  the  second  method  gave  for  the  ooeffident  of  expansion 
at  constant  volume — 

-  -^^^  =  0*003646  «  jrir, 
a       100/  274' 

a  result  identical  with  the  preceding. 

More  recently  (1841)  the  expansion  of  air  and  other  gases  has  been  again  made  the 
subject  of  elaborate  experiments  by  Kegnault  (RekUion  des  Experiences  ....  poter 
determiner  lea  princhales  lots  ei  lee  donniee  numiriques  qui  entrent  dans  le  calcm  des 
Machines  a  Vapeur,  M^m.  Acad.  Bov.  des  Sciences,  xxi  16-120  (1847) ;  also  Ann.  Ch. 
Phys.  [3]  iv.  6  and  v.  62)  and  by  Magnus  (Pogg.  Ann.  Iv.  1,  and  Ivii.  177). 

Kegnault  made  five  series  of  experiments  by  methods  more  or  less  distinct  His 
first  method  was  the  same  as  the  first  method  employed  by  Budberg.  It  consisted  in 
heating  a  cylindrical  glass  vessel  of  known  c£^)acity,  about  2*6  or  3  centimetres  wide, 
and  about  11  centimetres  long,  filled  with  dry  air,  to  100°;  sealing  it  hermetically  at 
that  temperature ;  then  cooling  it  to  0°,  and  observing  the  quantity  of  mercury  which 
entered  on  brealong  off  the  point  of  the  instrument  under  the  surface  of  that  metal. 
The  apparatus  employed  and  the  method  of  ^  experimenting  were,  in  fiict,  exactly  the 
same  as  in  determining  a  temperature  by  means  of  the  air-uiermometer  in  tiie  manner 
already  described  (pp.  19  and  20) :  for  it  is  obvious  that  the  same  experiment  which, 
the  coefficient  of  expansion  of  air  being  known,  serves  to  determine  the  temperature  at 
which  the  air-thermometer  is  sealed,  would,  if  this  temperature  were  known,  serve  for 
the  determination  of  the  coefiident  of  expansion. 

The  second  set  of  determinations  were  made  by  a  method  only  slightly  different 
from  the  first,  the  only  essential  difference  in  the  apparatus  being  that  the  tube  con- 
nected with  the  air-reservoir  was  about  40  centimetres  (16  inches)  long,  and  that  a 
portion  of  it»  about  two  inches  long  and  separated  from  the  air-reservoir  by  about 
lour  inches,  was  wide  enough  to  produce  only  a  veiy  slight  ci^fllaiy  depression 
in  a  column  of  mercuiy.  The  effect  of  this  modification  of  the  apparatus  was 
that  when,  alter  being  heated  to  100°  and  sealed  at  that  temperature,  the  instru- 
ment was  placed  with  the  tube  pointing  vertically  downwards  and  with  the  point 
dipping  into  mercury,  the  mercury  rose  only  as  far  as  the  widepart  of  the  tube,  on 
bilking  off  the  point,  and  did  not  reach  the  reservoir  at  alL  Hence  the  space  occu- 
pied by  the  air  at  zero  differed  from  that  which  it  had  occupied  at  100°,  only  by  the 
CBi;paat^  of  that  portion  of  the  tube  which  became  filled  with  mereuiy  on  opening 
the  point;  and  since  the  diameter  of  the  tube  was,  with  the  exception  of  the  wider 
portion  already  mentioned,  very  small,  this  capacity  bore  a  small  proportion  to  the  total 
capacity  of  the  instrument*  The  experiment  consisted  therefore  essentially  in  a  deter- 
mination of  the  difference  of  the  elastic  force  of  the  air  at  the  two  temperatures. 
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Id  the  third  and  fourth  sets  of  experimeDts,  the  air-refleiroir  was  made  to  communi- 
cate with  a  manometer,  whereby  the  pressure  upon  the  enclosed  air  could  be  yaried  at 
will  and  accurately  measured.  The  pressures  were  so  regulated  that  the  air  was  caused 
to  occupy  accurat^y  the  same  Tolume  at  O^'  and  100^,  and  the  differences  of  pressure 
requirea  were  detopined.  The  ^)paratu8  for  the  third  series  of  experiments  was 
copied,  with  some  improvements  of  detail,  from  that  employed  by  Rudberg  in  his 
second  series.  The  apparatus  for  the  fourth  series  was  the  same  in  principle,  but  its 
construction  was  such  that  the  uressure  upon  the  air  oould  be  determined  with  still 
grf^at«r  accuracy  than  was  possible  with  the  preceding  apparatus. 

In  the  fifth  set  of  experiments,  the  pressure  upon  the  air  remained  constant,  and  the 
alteration  of  Tohune  was  determined  by  wei^iing  the  quantity  of  mercury  which  filled 
the  space  into  which  it  expanded. 

The  mean  results  of  numerous  eoqperiments  made  by  each  of  these  processes  were  as 
follows : — If  p^  and  v^  represent  Ntpectiyely  the  pressure  and  Tolume  of  the  air  at  0^, 

ttndpt  and  Vi  its  pressure  and  Tolume  at  100^,  the  value  of  ^^—^  was — 

Po  ^o 

^  the  first  Mriea 1-36628 

„       Moond  series 1-36633 

^       third  series 1-^6679 

„       fourth  series 1-36660 

„      fifth  series 1*36706 

In  the  second,  third,  and  fourth  aeries,  the  expansion  was  calculated  from  the  change 
of  elastic  foioe  undergone  by  the  same  volume  of  air  when  its  temperature  changed 
between  O^'  and  100^;  in  the  experiments  made  by  the  first  method,  both  pressure  and 
volume  changed  considerably,  so  that  they  gave  a  mixed  result  From  the  considera- 
tion of  all  the  experiments  by  the  first  four  methods,  Begnault  adopts  for  the  coefficient 
of  expansion  of  air,  under  eontUmt  volume,  for  1  degree  centigrade  between  0  and  lOO*', 
the  number 

0003666 -5l:5-jLne«riy. 

This  result  agrees  precisely  with  that  obtained  by  Magnus. 

For  the  coefiScient  of  expansion  of  air  under  constant  pressure,  Begnault  adopts  the 
number 

0-00367 
given  by  the  experiments  of  the  fifth  series. 

Similar  experiments  extended  to  other  gases  gave  the  mean  results  recorded  in  the 
following  table,  in  which  are  also  included  the  rMults  obtained  by  Magnus :  — 

TabU  (/ExpAHSioir  of  Gasis  between  (P  and  lOQO  at  Ordinary  Pressures, 


Name  of  gM. 

Value  of  fLi  «  1  +  1^. 

ConstaDt  TolitnM. 

Botnaalt. 

MagDiu. 

RcffDMllt. 

Hydrogesi       •        •        . 

Nitrogen 
Cari)onio  oxide 
Carbonic  anl^dride 
Nitrous  oxide 
Sulphurous  anhydride    . 
Cyuogen 

1-3667 
1-3666 
1-3668 
1-3667 
1-3688 
1-3676 
1-3846 
1-3829 

1-3667 
1-3666 

1-3691 
1-8866 

1-3661 , 
1-3670 

1-3669 
1*3710 
1-3719 
1-3903 
1-3877 

The  foregoinjg  results  are  all  deduced  firom  experiments  in  which  the  gases  operated 
upon  were  subject  to  pressures  differing  but  little  from  the  ordinary  pressure  of  the 
atmosphere.  In  another  investigation  (Op.  cit,  pp.  96-120)  Begnault  aetermined  the 
coefficients  of  expansion  of  idr  and  some  other  gases  at  pressures  considerably  different 
firom  that  of  the  atmosphere.    The  following  table  gives  the  mean  results : 


•  If  tiM  coeOdeot  ef  eapttMloa  of  sir  be  tskeo  -  (HM)06e66  . 


.  it  majr  be  repreteated  by  tto 


vnlgar  fracUoo  s~.  a  number  which  U  rery  cooTcsient  for  the  porpoMS  of  cakolatloo. 
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Table  o/£xfah8iom  of  Gasis  between  09  a$ul  100®  ai  Vofiome  Fremurm. 

AlB. 


Comtant  Vohmu, 

CoMtamt  "Prtttmrt,                       J 

Deosltj. 

S:=»^T^- 

PreMure. 

•i-'*v- 

(Deoiity  of  air  at  0°  and 

760  mm.  pressure  si.) 

Pft            « 

mm. 

••            • 

01444 

1-36482 

760 

1-86706 

0-4937 

1-36672 

2626 

1-86944 

1-0000 

1-36660 

2620 

1-86964 

2-2084 

1-36760 

2-8213 

1-36894 

4-8100 

1-37091 

Gabbomic  Anhtbbids. 


Cmnttant  Vohane, 


Ccmttttui  Preitmre, 


Deosltf. 

(Deoilty  of  carbonic 

anhydride  at  0^  and  760 

mm.  preMure  si.) 


1  + 


100 


Pressare. 


^•*'?- 


1-0000 
1-1879 
2-2976 
4-7318 


136866 
1-36943 
1-37623 
1-38698 


760 
2620 


1-87099 
1-38466 


Htdbogon. 

SXJLFHUBOUS  AkHTDBZDB. 

Camttami  Preuure. 

1                         ComHamt  Presture, 

Pressure, 
mm. 

90                    • 

Pressure, 
mm. 

^-^• 

760 
2646 

1-36613 
1-36616 

760 
986 

1-3908 
1-8984 

The  following  greneral  condosions  may  be  drawn  from  these  results: 

1^.  The  coefficients  of  expansion  of  air,  hydrogen,  nitrogen,  and  carbonic  ozid^ 
between  0^  and  100°,  are  sensibly  equal. 

2^.  The  coefficients  of  expansion  of  the  condensable  gases,  carbonic  anhydride,  nitrous 
oxide,  sulphurous  anhydride,  and  cyanogen,  are  slighuv  greater  than  the  coefficient  of 
expansion  of  the  permanent  gases.  For  the  condensable  gases  also  the  coefficient  of 
expansion  (under  constant  pressure)  slightly  exceeds  the  coefficient  of  increase  at  elas- 
ticity (the  gas  being  kept  at  constant  Tolume),  a  difference  which  is  likewise  obserred, 
though  in  a  less  degree,  in  the  case  of  air. 

3°.  The  coefficient  for  hydrogen  is  not  influenced  by  a  change  of  pressure  from  1  to  3 
atmospheres.  The  coefficients  for  air,  carbonic  anhydride,  and  sulphurous  anhydride 
are  greater  at  high  densities  and  pressures  than  at  low  ones. 

Notwithstanding  the  differences  in  the  absolute  Talues  of  the  coefficients  of  expansion 
of  air  at  different  densities,  and  of  air,  hydrogen,  and  carbonic  anhydride,  Begnault 
found  by  direct  experiments  (Op.  eit.  pp.  171-190)  that  the  elastic  force  of  air,  of  any 
initial  pressure  at  0®  between  400  mm.  and  1300  mm.,  and  the  elastic  force  of  hydrogen 
and  carbonic  anhydride  increased  according  to  the  same  law  at  all  temperatures  between 
0°  and  360°  G.  Hence  gas-thermometers  mled  with  air  of  any  density,  or  with  hydioffen, 
or  carbonic  anhydride,  would  give  perfectly  similar  indications,  prorided  that^  in  (»dca- 
lating  the  temperatures,  the  coefficient  proper  to  each  gas  were  employed.  The  oo^- 
cient  of  expansion  of  sulphurous  anhydride  was  found  to  diminish,  relatively  to  that  of 
air,  in  proportion  as  the  temperature  rose,  being  0-0038261  at  98-12°  of  the  air-ther- 
mometer, and  00037893  at  31031° 

Hence  as  a  general  conclusion:  Although  no  gas  appears  to  follow  absolute^  the  biir 
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of  expansion  ezpreflsed  br  the  eouations  (a)  and  (b\  pase  45,  the  permanent  gases 
follow  this  law  so  closely  that^  in  all  except  the  most  refineU  calculations,  these  fbrmnla 
maj  be  taken  as  stricUj  applicable  to  tnem,  the  valne  of  a  being  fbr  all  a  nomber 
sensiblj  eqoal  to  273. 

The  following  consequences  of  these  equations  are  of  importance  in  calculating  the 
changes  of  Tolume  and  elastie  force  of  gases  corresponding  to  given  changes  of  tem- 
perature :  Let  V  be  the  tolume  of  a  giyen  weight  of  gas  at  0^  C,  and  p  its  Mastic  force 
at  the  same  temperature ;  let  v^  and  j9,  be  the  yolnme  and  elastic  force  of  the  same 
quantity  of  gas  at  any  other  temperature,  <,^ ;  and  let  v,  and  p^  be  the  Tolume  and 
elastic  force  coneeponding  to  any  third  temperature,  t^^:  then,  the  Tolume  at  <,, 
expressed  in  terms  of  the  Tolume  at  O^',  will  b^ 


'         p,       a  P,     \        a   'I 


the  volume  at  0%  in  terms  of  the  volume  at  t^,  will  be^ 

'     •  +  '"         P      i+i«, 

a    * 


1>  •  278  +  <,         »  p  '  1  +  ,1,  <|         «  p  •  1  +  00036W< 
and  the  volume  at  t^,  in  terms  of  the  volume  at  ^,^,  will  be^ 


'•      l*j'. 


0*  «        *    ^    278  -K  <,  ^,      1  +  0008665  <, 

•        '    ;»,     278  +  <|  '  i?,     I  +  0008666  <, 

The  elastie  fofoe  at  l|®,  in  terms  of  the  elastie  foice  at  0^,  will  be— 


the  elastic  force  at  O'^,  in  terms  of  the  elastic  force  at  <,^  will  be— 

or       -,      -  £|        278  5,^  1  v^  1 

y  "'"tr   -278  +  /,"^'tr   *  1  +  ^  <,  "  ^»  «  'l  +  0H)08666/,' 
and  the  elastie  force  at  i^,  in  terms  of  the  elastic  force  at  /|^,  will  be — 

1 


-  P.  —  . 7^  —  ; 


V, 


1  +-I, 

n.     • 


a 


^  «        «  !1     ^^  •<•  ^t  i.     1  •»•  0008665  /, 

^*  "  ^*  V,    •  278  +  <,   •  ■  ^«  V,  •  1  +  0003665  <,  * 
It  is  very  important  to  bear  in  mind,  with  reference  to  all  calculations  of  this  kind, 
that  when  the  coefficient  of  expansion  of  the  permanent  gases  is  said  to  be  uniform  at 
an  temperatures,  and  equal  to  J^,  it  is  not  meant  that  1  voL  of  a  gas  at  any  tempera- 
ture, /,^  becomes  \^  voL  at  tAe  temperature  (t  ■¥  1)^ ;  but  that  1  voL  at  O^'  becomes 

'ik  ^^  ^  ^^*  *°^  ^  "**  070  ^^^  ^  ^*  ^^  ^^  consequently  1  voL  at  ^  becomes 

vot.ni.  .  .  ,J5    •    ,    •   • 
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The  imgolarities  in  the  expansion  of  the  more  condensable  gases,  paiticolsrlj  snl- 
phuions  aimjdride,  which  are  brought  to  light  by  Begnanlt's  experiments^  are  met  with 
to  a  greater  or  less  extent  in  the  case  of  afi  liquefiable  gases  or  Taponrs,  and  are  more 
marked  in  proportion  as  the  gases  are  examined  nearer  to  their  points  of  liqnefiMitioou 
The  law  with  regard  to  the  expansion  of  Tapours  appears  to  be,  that  their  ooefficieiits 
of  expansion  ore  considerably  greater  than  ^  at  temperatores  near  to  the  boiling 
points  of  the  liquids  from  wMch  they  are  formed,  and  that  they  continue  to  dumnish 
ais  the  temperatore  rises,  so  as  to  approach  more  and  more  closely  to  a  constant  Talne  of 
nearly  j^.  Hence,  at  sufficiently  high  temperatures,  all  Tapours  and  liquefiable  gases 
acquire  t^e  pro{>ertie8  of  sensibly  pnfoet  gases.  The  rapioity  with  which  the  coeffi- 
cients of  expansion  of  different  vapours  approach  their  limiting  values,  varies  greatly. 
Some  vapours,  as  that  of  ether,  have  a  nearly  uniform  rate  of  expansion  within  twenty 
or  thirty  degrees  of  the  boiling  point  of  the  liquid,  whereas  others  show  a  sensibly 
diminishing  rate  of  expansion  throughout  a  much  wider  interval  of  temperature :  for 
instance,  acetic  acid  through  upwanls  of  120  d^rees,  and  sulphur-vapour  through 
400  degrees  above  the  boiluig  point  of  sulphur.  This  ^perty  of  vapours  is  of  great 
importance  in  relation  to  the  experimental  determination  of  their  densities.  (For 
fuither  details,  see  Sfboific  Gn^vmr ;  also  ii  811.)  The  fa/A  of  a  vapour  having 
reached  a  temperature  at  which  its  rate  of  expansion  is  the  same  as  that  of  air,  is 
indicated  by  its  density,  compared  with  that  of  air  at  the  same  temperature  and  pres- 
sure, remaining  constant  for  any  further  rise  of  temperature :  thus  the  densi^  of  acetic 
acid  vapour  (boiling  point  118^)  was  found,  by  Cahours,  to  be, 

at    125°,      150°,      ISO®.      200<',      240^,      270<»,      810<»,      336<>  C, 
-  3-180,     2-727,     2-438,    2*248,    2090,     2088,     2-085,    2083. 

That  is  to  say,  it  expands  more  rapidly  than  air  up  to  about  240^,  but^  above  that 
temperature  its  expansion  is  very  nearly  the  same  as  that  of  air. 

Relation  beUoeen  the  Eixpansion  of  a  perfect  Gas  and  the  Quantity  of  Heat  required 
to  produce  it. — Equation  (a)  (page  46)  may  be  written — 

pv  ^  m{l  +  at) (e) 

if  we  put  m  for  e/a,  and  a  for  ~  «>  coefficient  of  expansion.    Let  the  volume,  v,  be 

expressed  in  cubic  metres,  the  pressure,  p,  in  kilogrammes  per  square  metre,  and  the 
temperature,  f,  in  degrees  of  the  centigrade  thermometer.  Then,  suce  m  is  a  constant, 
its  value  is  independent  of  the  variations  of  t;,  p^  and  f,  and  in  order  to  find  it,  we 
may  make  any  suppositions  we  please  with  regard  to  these  factors.  To  determine  its 
value,  let  p  be  the  normal  atmospheric  pressure  of  0*76  metre  referred  to  1  square 
metre,  «■  10,333  kilogr.,  let  v  be  one  cubic  metre,  and  let  ^  be  0°  C.  Then  we  see  that 
m  must  be  tiie  atmospheric  pressure  on  1  square  metre  «-  10,333  kilogr.  »  if,  and  we 
have— 

pv^H(l  ^  at) (/) 

In  Jig.  533  let  distances  measured  parallel  to  the  axis  of  abscissie,  OV,  represent 
volumes,  and  distances  measured  parallel  to  the  axi?  of  ordinates,  OP,  represent  pres- 


Fiff.  533. 


b(p'jO 


sures.  Then,  since  the  condition  of  a  gas  is  de- 
fined if  p  and  v,  two  of  the  three  variable  quantities 
upon  which  it  depends,  are  known,  that  condition 
may  be  represented  by  the  position  of  a  point  rela- 
tively to  the  lines  OP  and  OV.  Let  the  point  A 
represent  the  initial  condition  (p  .  v)  of  a  gas :  we 
wUl  consider  the  quantities  of  heat  which  must  be 
imparted  to,  or  withdrawn  from,  the  gas,  in  order  to 
mtke  it  pass  through  the  series  of  conditions  repre- 
sented by  the  sides  of  the  rectangle  ADBCA,  parallel 
to  OP  and  OV. 

1.  When  the  gas  passes  from  the  state  A  to  the 
state  D,  its  elastic  force  increases  while  its  volume, 
V,  remains  unaltered;  to  produce  this  change,  its 
temperature  must  be  raised  from  t  to  the  temperatiire 
ti  which  is  given  by  the  equation  p'  v  =  H{1  +  at^\ 
-^diich,  combined  with  (/),  pv  =  H(l  +  a  t),  gives 
(p  ^p)i^^Ha(t^^  t).  Hence,  putting  JD  for  the  weight  oif  a  cubic  metre  of  the  gas 
at  0°,  and  c  for  its  specific  heat  when  kept  at  a  constant  volume,  we  have  for  the 

Quantity  of  heat  which  must  be  imparted  to  the  gas  to  produce  the  change  in  question* 
iie  expression — 

q^Dc(t,^t); 


A^pTi;)' 
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butt  by  the  last  equation*  /,  —  /  «t  ^^W~^*  therefore — 


i^-ff^ovip'  ^p) (g) 

2.  When  the  gas  passes  firom  the  condition  D  to  the  condition  B,  it  remains  nnder 
the  constant  pressure  p',  but  its  Tolume  increases  from  t^  to  «r' :  its  temperature  must 
therefore  be  soil  further  raised  to  f,  which  is  giren  by  the  formula  p'v'  '^  H(l  +  af). 
This,  combined  with  |>'  t;  «  H(l  +  «  ^i)»  gives  p'  ('f  —  v)  »  Ha{t  —  ^,) ;  hence  the 
quantity  of  heat  required  will  be  ^,  ^vc'{t^  tX  tt  denoting  the  specific  heat  under 
constant  pressure.  Putting  for  ^  —  ^,  its  value  deduced  from  the  previous  equation, 
this  becomes— 

9i^^Jv'(^'^) (*) 

8.  In  passing  from  the  condition  B  to  the  condition  0,  the  gas  is  cooled  without 
change  of  volume ;  the  corresponding  temperature  t^  is  therefore  given  by  the  formula 
pff»H(\  +  tt*,),  which,  oombinedwithpV-ir(l  +  ttr),gives(p-j>)*'-iro  (<'-<,). 
The  heat  that  must  be  withdrawn  will  therefore  h^q'  »J)o(t  -^  t^),  or,  by  snbsUtution — 

J'-Br,«<^(p'-1») (0 

4.  Lastly,  when  the  gas  passes  from  the  condition  G  to  its  original  condition  A, 
it  cools  under  the  constant  pressure  p,  and  its  temperature  asain  becomes  t,  defined 
by  the  formula  pv  wm  H(l  +  at),  which,  combined  with  pv  mm  H{1  +  a<A  gives 
p  (v'  —  tr)  ■■  if  a(<,  —  t).  The  quantity  (k  heat  to  be  withdrawn,  to  cause  tne  tem- 
perature to  foil  from  t^iot,  will  be  q\  —  ^^'(^t  "  ^X  vbich,  by  substitution,  becomes — 

?'i  '"ff;^c'p(ff  'V) (k) 

The  general  result  is  that,  during  the  passage  of  the  gas  from  the  state  A  to  the  state 
B,  a  quantity  of  heat  is  expended  which  (by  y  and  h)  is  represented  by — 

C-?  +  s'l -^[«f (?'-?)  + <<i>'(«^-*)];   ....   (0 

and*  that,  during  the  return  of  the  gas  from  the  condition  B  to  the  condition  A,  a 
quantity  of  heat  is  evolved,  which  (by  t  and  k)  is  expressed  by — 

QT  .  g'  +  jr/  -  ^  [c  v'  (p'  -  p)  +  o'p  {v'  -  «)] (m) 

Consequently,  there  is  an  ultimate  espenditure  of  a  quantity  of  heat  equal  to— 

Q-  a  ^  §i{f^  -  c)(p'  ^  p)(ff  ^  vi 

a  quantity  which  is  necessarily  positive,  w)  long  as  p'—p  and  t/— «  are  positive  (that 
is,  so  long  as  any  actual  increase  of  pressure  and  volume  takes  place),  being  propor- 
tional to  the  product  of  these  two  quantities,  and  represented  by  &e  area  of  the 
rectangle  ADBCA. 

By  tracing  in  the  same  way  the  heat  expended  and  evolved  in  the  eyde  of  changes 
represented  bv  the  |>assage  of  the  point  A  about  the  same  rectangle,  but  in  the  omwsite 
direction,  ACBDA,  it  would  be  found  that,  as  a  final  result,  a  quantity  of  heat  ■*  Q—  (jf 
would  be  evolved  by  the  process  instead  of  expended.  Hence  we  see  that  the  quantity 
of  heat  necessary  to  change  the  condition  of  a  gas  from  A(p.v)to'B(p* ,  v'),  depends 
not  only  on  the  nature  of  the  conditions  A  and  B,  but  also  on  the  manner  in  whien  the 
passage  from  one  to  the  other  takes  place. 

If  B  approaches  indefinitely  near  to  A  the  quantity  of  heat,  Q-^Q,  expended  or 
evolved  as  the  point  A  passes  round  the  rectangular  circuit  approaches  indefinitely  to 
the  value  0.  That  is,  in  order  to  cause  a  f6M  to  pass  from  the  condition  A  to  the  condi- 
tion B,  infinitely  near  to  it,  the  same  infimtely  small  quantity  of  heat  must  be  expended 
whether  the  passage  is  in  the  direction  ADB,  the  direction  ACB,  or  that  of  the  diameter 
of  the  recta^e,  AB.  Hence,  an  dement,  AB,  of  any  curve  may  be  replaced  by  its  two 
projections  DA  and  DB  parallel  to  the  axes,  and  changes  of  condition  represented  by 
curve-lines  may  be  considered  as  made  up  of  rectan^lar  elements  panulel  to  these 
axes,  so  that  the  result  derived  from  the  consideration  <^  the  rectangular  dreoit  ADBCA 
may  be  extended  to  a  dosed  circuit  of  any  form  whatever.  (Bourget,  Ann.  Ch.  Phys. 
[3]  Ivi  257 ;  also  Daguin's  TraiU  de  Physique,  2nd  ed.  ii.  512.— See  foither  the  section 
of  this  artide:  Relations  of  Heat  to  Mechanical  Energy.) 

Attention  must  hera  be  drawn  to  an  important  conseqaence  of  the  relations  that  we 
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liftTe  fband  to  exist  between  the  pressure,  yohime,  and  temperature  of  a  eas.  The 
eonsequenoe  referred  to  will  be  most  easily  deduced  fitom  the  above  equations  (1)  and  {k), 
which  show  that,  when  a  gas  expands  from  the  Tolume  v  to  the  Tolnme  t^,  under  the 
oonstant  pressure  p,  a  quantity  of  heat  is  absorbed  equal  to 

and  that  when  the  gas  contracts  from  the  Tolume  if  to  the  Tolume  t^,  under  the  same 
pressure,  an  equal  Quantity  of  heat  is  evolved.  It  is  plain,  however,  from  the  above 
equation,  that  Up,  the  pressure  upon  the  gas,  is  nothing  the  quantity  of  heat;  q,  needed 
to  cause  the  gas  to  expand  will  also  be  nothing.  This  condition  is  actually  fulfilled 
when,  instead  of  having  to  force  up  a  piston  or  overcome  the  pressure  of  the  atmosphere 
in  its  expansion,  a  gas  is  allowed  to  expand  into  a  vacuous  space ;  and  it  has  bec^n 
experimentally  prov^  by  Joule  that  the  expansion  of  a  gas,  under  these  circumstances, 
is  not  attended  with  expenditure  or  absorption  of  beat  He  immersed  two  copper 
vessels  in  water,  and  removed  the  air  from  one  and  compressed  an  additional  quantit j 
of  air  into  the  other^  until  the  pressure  amounted  to  22  atmospheres :  on  opening  a 
communication  between  the  two,  air  rushed  from  the  latter  vessel  into  the  exhausted 
one  until  the  pressure  in  both  was  11  atmospheres.  Nevertheless,  the  water  by  which 
they  were  surrounded  indicated  no  alteration  of  temperature. 

Absolute  Zero  of  Temperature, — It  results  firom  the  fiindiunental  formula  of  gaseous 
expansion, 

pv  ^J(,a  -\-  t\ 
that,  if  the  temperature,  /,  of  a  gas  were  reduced  until  it  became  »  —  a^  —  273,  the 
gas  would  cease  to  have  any  gaseous  elasticity — ^the  product  of  elastic  force  into  volume 
would  be  —  0.  The  temperature  -  273°  G.  is  therefore  called  the  absolute  sero  of 
temperature,  and  temperatures  reckoned  from  it  are  called  absolute  temperatures. 
These  are  obviously  obtained  in  any  case  by  adding  273  to  the  number  of  degrees  bj 
which  a  temperature  is  expressed  on  the  centigrade  scale ;  and  by  employing  them  in 
the  expression  of  the  laws  regulating  the  relations  between  temperature  and  other 
properties,  the  resulting  expressions  are  often  much  simpler  than  those  required  when 
temperatures  are  expressea  according  to  any  ordinary  thermometric  scale.  Thus,  for 
instance,  by  using  r  (  «  <  +  273)  to  denote  the  absolute  temperature  corresponding  to  the 
centiffrade  temperature  t,  we  have  for  the  fundamental  foimuhe  (a)  and  (6)  (page  45) 
relating  to  pressure,  volume,  and  temperature,  the  expressions 

PV'mJt  and  - —  «  -, 
^  p  V        r' 

and  corresponding  simplifications  will  be  found  to  result  in  many  other  cases. 

azpoaslon  of  Id^nids. — ^The  relation  between  the  volume  of  a  given  weight  of 
liquid  and  its  temperature  follows  no  simple  general  law,  such  as  that  which,  as  we 
have  seen,  applies,  at  least  approximately,  in  the  case  of  gases.  On  the  other  hand, 
not  only  has  almost  every  liquid  a  coefficient  of  expansion  different  from  that  of  any 
other,  but  the  coefficient  of  the  same  liquid  varies  to  an  important  extent  with  changes 
of  temperature. 

In  consequence  of  the  small  extent  to  which  the  volume  of  liquid  substances  is 
influenced  by  external  pressure  (Eulsticitt,  ii  370),  it  may,  in  all  ordinary  cases,  be 
considered  as  a  function  of  their  temperature  alone,  instead  of  as  a  function  of  tem- 
perature and  pressure  combined,  as  with  gases.  It  results  ah«o  fr^m  the  cohesion  of 
liquids,  which  causes  them  always  to  have  a  definite  limiting  surface,  that  their  volumes 
ean  be  determined  by  observations  of  a  more  direct  kind  than  those  which  can  be  made 
on  gaseous  bodies.  Hence,  an  obvious  method  of  determining  the  expansion  of  a  liquid, 
is  to  observe  how  many  divisions  of  a  vessel  graduated  into  parts  of  equal  capacity,  are 
filled  by  the  same  weisht  of  it  at  various  temperatures.  Such  a  method,  however, 
would  only  be  exact  if  the  ci^iacitv  of  the  containing  vessel  were  known,  not  merely  at 
some  one  temperature,  but  at  each  temperature  at  which  an  observation  of  the  liquid 
was  made.  Thus,  it  would  be  inaccurate  to  conclude  that  the  expansion  of  a  liquid 
between  0°  and  100°  amounted  to  1  per  cent.,  because  the  same  quantity  which  filled 
100  divisions  at  the  former  temperature  occupied  101  divisions  at  the  latter ;  for  it  is 
impossible  to  raise  the  temperature  of  a  liquid,  without  at  the  same  time  raising  the 
temperature,  and  so  altering  the  capacity,  of  the  vessel  in  which  it  is  contained.  It  is 
therefore  necessary  to  distinguish  between  the  apparent  expansion  of  liquids,  or  that 
which  would  result  from  enervations  made  in  the  manner  that  has  been  described, 
without  taking  account  of  the  changes  of  capacity  of  the  containing  vessel,  and  their 
real  or  absolute  expansion,  which  is  the  apparent  expansion  corre^ed  for  the  simul- 
taneous expansion  of  the  vessel  Of  course,  in  measuring  the  changes  of  volume  of 
gaseous  booies,  the  expansion  <^  the  containing  vessel  requires  to  be  simihirly  taken 
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into  Mooant,  but  in  this  case  it  is  of  mnch  less  relatiTe  consequence  than  it  is  in  the 
case  of  liqnids :  thus,  for  example,  the  appaifnt  expiuision  of  air  in  a  glass  vessel  wonld 
only  differ  from  its  i^  expansion  about  in  the  proportion  of  140 :  141 ;  whereas,  in  the 
case  of  mercnrj,  the  difference  would  amount  to  one  seyenth  of  the  total  effect  to  be 
observed. 

ReUUum  between  the  Absolute  and  Apparent  Expansion  of  Liquids. — ^From  what  has 
been  already  said,  it  will  be  evident  that  the  apparent  expansion  of  a  liquid  is  equal  to 
its  absolute  expansion  for  the  same  interval  of  temperature  diminished  by  the  coire- 
spending  expansion  of  the  containing  vessel.  That  is,  if  A  be  the  coeffi6ient  of  absolute 
expansion  of  a  liquid,  and  8  its  coefficient  of  apparent  expansion,  the  relation  between 
these  two  quantities  will  be  the  following: — ^Let  F be  the  volume  of  the  liquid,  and 
eonsequently  of  that  portion  of  the  vessel  which  it  fills,  at  0^ ;  and  let  V  be  the  capa- 
city, estimated  at  0^^  of  bo  much  of  the  vessel  as  it  fills  when  its  temperature  has  been 
raised  1^.  Then  the  real  volume  of  the  liquid  at  the  latter  temperature  will  be 
F(l  +  A),  and  the  real  volume  of  the  portion  of  the  vessel  occupied  by  it  will  be 
P(l  -¥  k)  (putting  K  for  the  coefficient  of  cubical  expansion  of  the  material  of  the 
vessel) :  hence  we  have — 

r(l  +  «)-  V(l  +  A), 

or  V  -V       A  -ic 

V        "    I  +  K* 

but  r*  —  F  is  the  apparent  increase  of  volume  of  the  liquid,  for  a  rise  of  temperature  of 

V  —  V 

one  degree ; p —  is  therefore  its  coefficient  of  apparent  expansion  •=  9,  Accordingly — 

9  «■   ,   "    ,  OT  A  ^  9  +  K  -t-  9  k; 
1  +  K* 

but  as  b  and  k  are  always  small  fractions,  we  may  disregard  their  nioduct,  8  «,  and  put 
A  »  8  -i-  k:  that  is,  the  coefficient  of  absolute  expansion  of  a  liquid  is  equal  to  itscoeffi' 
cient  of  apparent  expansion  in  a  vessel  of  any  material^  increased  by  the  coefficient  of 
cubical  expansion  of  the  material  of  which  the  vessel  is  made. 

By  far  the  most  accurate  meUiod  of  measuring  the  capacity  of  a  vessel,  and  of  finding 
the  relative  values  of  divisions  which  may  be  marked  upon  it,  is  to  determine  the 
weight  of  mercury  which  fiUs  it  up  to  the  zero  point  of  the  scale,  and  also  the  weight 
which  corresponds  to  the  interval  between  any  two  divisions.  But  since  both  the 
capacity  of  the  vessel  and  the  specific  gravity  of  mercury  vary  with  variations  of  tem- 
perature, the  different  weights  of  mercury  which  fill  the  vessel  at  different  temperatures 
do  not  at  once  enable  its  relative  capacities  at  these  temperatures  to  be  calculated ;  for 
this  it  is  necessary  that  the  absolute  expansion  of  mercury  should  be  previously  known. 
Hence  the  absolute  expansion  of  mercury  (which,  on  account  of  its  inalterability  and 
its  propertv  of  not  wetting  glass,  is  better  adapted  for  measuring  purposes  than  any 
other  bquid)  is  a  necessary  preliminary  datum  for  the  determination  of  the  absolute 
expansion  of  liquids  in  geneiuL 

Detenfiination  of  the  Absolute  Expansion  of  Merewry. — Enough  has  already  been 
said  Xxi  make  it  evident  that,  in  order  to  obtain  a  trustworthy  determination  of  this 
constant,  some  method  must  be  devised  whose  results  are  wholly  unaffected  by  chan^ 
in  the  capacity  of  the  vessel  in  which  the  mercury  is  contained.  A  satisfactory  solution 
of  this  apparently  very  difficult  problem  was  first  given  by  Dulong  and  Petit  (Ann. 
Ch.  Phys.  [21  vii  124  (1817);  Daguin's  Traiti  de  Physique,  2nd  e<l  ii.  187;  see  also 
Begnault;  delation  des  Expiriences,  ^c,  pp.  277-280.  Paris,  1847).  Their  method 
consisted  in  measuring  the  heights  of  c<^umns  of  mercury  at  different  temperatures^ 
which  produced  equilibrium  with  another  column  of  the  same  liquid  of  constant  height^ 
and  kept  always  at  0^. 

If  h  denotes  the  height  of  the  column  at  0^,  d  the  density  of  mercury  at  this  same 
temperature,  h'  the  height  of  the  column  at  tP,  which  produces  equilibrium  with  the 
first,  and  d  the  density  of  mercury  at  the  temperature  t^  we  have — 

h'      d 

Representing  by  v  and  t^  the  volumes  of  the  sama  wci^t  of  mercuiy  at  0^  and  at  t9^ 
we  get— 

•»«  — ,  and  consequently  —  ■■  ^. 

Tlie  mean  coefficient  of  expansion  between  0^  and  ^  is  therefore — 

if'  —  V       k'  -  h 
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And  its  datermination  reqnirea  only  that  the  difference  of  height  of  the  two  oolunns, 
and  the  absolute  height  of  the  column  at  zero,  should  be  aocuiatelj  measured. 

The  apparatus  employed  by  Dulong  and  Petit  for  the  purpose  of  putting  this  method 
into  practice  is  represented  in  fig,  634.  It  oonsisted  of  a  kind  of  iuTetted  glass  ^rf^n, 
the  two  vertical  branches  of  which  (A  and  B)  were  about  0*66  metre  long,  and  oom- 
municated  below  by  a  horizontal  tube  of  yery  small  diameter.  The  branch  A  waa 
auiTounded  by  a  cylinder  of  tinned  iron  which  was  kept  full  of  ice ;  the  other  branch,  B, 
aooupied  the  middle  of  a  cylindrical  copper  vessel  filled  with  oil  and  built  into  a  fnrxuu^», 

Fig,  634. 


(In  the  figure,  the  front  wall  of  the  furnace,  as  well  as  a  part  of  the  cylinders  snrroniKS 
ing  each  oranch  of  the  syphon,  is  represented  as  having  been  removed.)  The  qttar 
tity  of  mercury  in  the  apparatus  was  so  adjusted  that  the  meniscus  in  the  tube  j 
was  a  little  above  the  cover  of  the  oil-bath,  and  the  difference  in  the  height  of  the  tw 
columns  was  measured  by  a  cathetometer  (an  instrument  devised  by  Dulong  and  Peti 
and  first  used  in  this  investigation).  The  temperature  of  the  oil-bath  was  indicate 
by  an  air-thermometer  and  a  mercurial  weight-tnermometer  (]pp.  18, 19),  the  reservoii 
of  which  were  of  the  same  length  as  the  mercmy-column  in  the  tube  B,  and  vrei 
placed  near  to  and  parallel  with  it 

The  following  table  gives  the  general  results  of  a  great  number  of  determinatioi 
made  with  this  apparatus : 

AUolute  Expannon  of  Mercury  (Dulong  and  Petit). 


Temperaturec  by  the 

Mean  coefBcient  of  Expansion  counted  from  0°. 

kfaxlmum                   Minimum                      Mean^ 
Taluat.                       ▼alues.                        values. 

lOOO  C.          .         . 
200°      . 
300O     .        . 

wit7    ■    •    •     ■    titl    ■     •    •    ■    ^-000018018 
j^    ....    tht    ....    wiiK=     00018433 
thf    ■    ■     •     ■    T^    ■     ■    ■    ■    t^'    -00018868 

Notwithstanding  the  great  approach  to  accuracy  which  was  undoubtedly  made  i 
^hese  experiments,  the  results  were  still  affected  by  sources  of  error  which,  in  tl: 
determination  of  a  physical  constant  of  such  primary  importance  as  the  one  in  questioi 
cannot  be  considered  as  immaterial  The  chief  of  these  are :  the  uncertainty  of  th 
determinations  of  the  temperature  of  the  heated  column,  arising  (1)  from  the  employ 
meat  of  the  old  (and  inaccurate)  coefficient  for  the  expansion  of  air,  namely  0*0037^ 
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in  reducixig  the  indicatioiui  of  the  air-thennometer ;  (2)  the  oooliiiff  effect  of  the 
eoUeniAl  air  upon  the  portion  of  the  heated  column  which  rose  abore  the  coyer  of  the 
oil-bath;  (S)  the  want  of  uniformity  in  the  temperature  of  the  oil-bath  at  different 
depths ;  aiid  the  comparative  shortneea  of  the  two  mercury-columns,  whereby  a  very 
enuill  absolute  error  in  the  measurement  of  k  and  k'  comes  to  hare  a  considerable  effect 


on  the  value  of  the  fraction 


k'-k 


-  8. 


Fig,  686. 


In  order  to  obtain  results  which  should  be,  as  fiir  as  possible,  free  from  the  erron 
thus  arisinji,  R^gnault  {Belation  des  Etpirienees,  #c.,  pp.  271-S28.  Paris,  1847)  repeated 
the  determination  of  the  absolute  expansion  of  mer- 
cuiT,  by  a  method  similar  in  principle  to  that  of 
Buiong  and  Petit,  but  somewhat  oiiferent  in  execution. 
The  arrangement  of  his  apcMiratns  wiU  be  intelligiUe 
frx>m  Ja.  635.  AB  and  CD  are  two  iron  tubes,  1*5 
metre  long  and  10  mm.  in  internal  diameter  (in  the 
figure  the  diameter  is  greatly  exaggerated  in  pro- 
portion to  the  length),  connected  above  by  the  ho- 
rizontal iron  tube  AC,  of  2'5  mm.  ^0*1  inch)  internal 
diameter,  and  reapectively  communicatittg  below  with 
the  horisontal  tubes  BE  and  DP,  likewise  of  2*6  mm. 
diameter,  which  in  their  turn  cany  the  vertical  class 
tubes  £Q  and  PG.  The  apparatus  having  been 
adjusted  so  that  the  tubes  An  and  CD  are  exactly 
vertioO,  and  the  tubes  AC,  BE,  and  DP  exactly 
horizontal,  mercury  is  poui^sd  into  it  through  one 
of  the  short  tubes,  open  at  both  ends,  by  which  both 
AB  and  CD  are  surmounted,  and  in  proportion  as 
the  liquid  rises  in  the  g^aas  tubes  EG  and  PG,  air  is 
compressed  into  a  copper  receiver  communicating 
with  them  by  the  leoaen  pipe  G,  so  as  to  keep  the 
level  of  the  mercury  near  tne  bottom  of  the  glass 
tubes.  The  addition  of  mercury  is  continued  until 
it  begins  to  run  out  at  a  hole,  0,  bored  in  the  upper 
side  of  the  tube  AC.  The  verticil  tube  AB  is  placed 
in  the  centre  of  an  oil-bath ;  CD  is  surrounded  by  a  constant  current  of  cold  water. 

On  heating  the  tube  AB,  the  density  of  the  mercury  contained  in  it  was  of  courne 
diroimshed,  and  consequently  equilibrium  of  pressure  in  the  tubes  EG  and  PG  could 
only  be  maintained  by  the  sinking  of  the  mercury-column  in  the  former.  The  ekstic 
force  of  the  compressed  air  in  the  receiver  was  therefore  balanced-  on  the  one  hand, 
br  the  pressure  of  the  heated  column  of  mercury  of  the  height  AB,  «  iT,  diminished  by 
tfiat  of  the  column  in  E,  *  A ;  on  the  other  hand,  by  the  pressure  of  the  cold  column 
CD,  »  H\  diminished  by  that  of  the  column  in  P,  «  A'.  The  temperature  of  the  column 
AB  was  indicated  by  an  air-thermometer,  that  of  CD  by  three  mercurial  thermometers 
in  the  water-vessel  which  surrounded  it,  and  that  of  the  mercury  in  £  and  P  by  a 
thermometer  placed  between  them  as  shown  in  the  figure.  When  the  necessary  cor- 
rections for  the  differences  of  temperature  of  the  several  mercury-columns  had  been 
applied,  the  formula  for  the  abaolnte  expansion  became — 


But  since  the  required  corrections  involved  the  knowledge  of  the  very  coefficient  sought^ 
the  calculation  could  only  be  made  by  the  method  of  successive  approximations :  that 
is,  Dulong  and  Petit's  coefficient  was  first  assumed  in  order  to  c&lculate  an  approximate 
remit;  then  the  number  so  obtained  was  substituted  for  the  old  coefficient,  and  so  a 
^dll  more  accurate  result  was  arrived  at 

In  another  series  of  experiments,  the  tubes  AB  and  CD  were  connected  at  the  bottom 
by  a  continuous  horizontal  tube,  and  the  tube  AC  was  cat  across,  vertical  glass  tubes 
^ng  inserted  into  the  two  halves,  wherein  the  diffinent  heights  attained  by  the  mer- 
cuiy-columns  could  be  observed.  In  this  state,  the  apparatus  waa  merely  a  modified 
'orm  of  that  employed  by  Dulong  and  Petit. 

The  results  ukimatelv  arrived  at  are  given  in  the  following  table,  the  temperatures 
in  the  first  column  of  which  are  those  measured  by  the  air-thermometer. 

The  numbers  in  the  last  column  of  this  table  represent  the  amounts  by  which  a  unit 
volume  of  mercury  expands  for  a  rise  of  temperature  of  one  degree  centigrade  at  various 
temperatures  between  0^  and  360^.  Thus,  100,000,000  cubic  millimetres  of  mercury, 
measured  at  O^',  occupy  100,017,906  cubic  millimetres  at  1"^;  100,000,000  cubic  milli- 
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HEAT. 


Absolute  Expamion  of  Mercury  (Regnault). 


Tempentnrval. 

Volnne  at  <». 

Mean  coeadcot  of  cxpan- 
•ioolMCweeD0<'aiMl|O. 

Tma  eoefideot  of  cspM- 
•kmatf^. 

OO 

1000000 

0-00000000 

000017905 

10 

1-001792 

0*00017925 

0-00017950 

20 

1008590 

0*00017951 

0-00018001 

80 

1-005898 

0-00017976 

0-00018051 

40 

1007201 

0-00018002 

000018102 

50 

1009018 

0-00018027 

0-00018152 

00 

1-010881 

0-00018052 

000018208 

70 

1-012655 

0-00018078 

0-00018258 

80 

1-014482 

000018102 

0-00018804 

00 

1*016815 

0-00018128 

0-00018354 

100 

1-018158 

0-00018158 

0-00018405* 

110 

1-019996 

0-00018178 

000018455 

120 

1021844 

0-00018208 

000018505 

180 

1023697 

0-00018228 

000018556 

140 

1-026555 

000018254 

0-00018606 

150 

1-027419 

0-00018279 

0-00018657 

160 

1029287 

0-00018304 

000018707 

170 

1-031160 

0-00018329 

000018758 

180 

1-033089 

000018355 

0-00018808 

190 

1-034922 

0-00018380 

000018859 

200 

1*036811 

0-00018405 

000018909 

210 

1038704 

000018430 

000018959 

220 

1040608 

000018456 

000019010 

280 

1042506 

000018481 

000019061 

240 

1044415 

000018506 

0-00019111 

250 

1046329 

000018581 

0-00019161 

260 

1*048247 

000018557 

000019212 

270 

1050171 

000018582 

0-00019262 

280 

1052100 

000018607 

0-00019318 

290 

1054034 

000018632 

0-00019363 

300 

1-055978 

000018658 

000019413 

810 

1-057917 

000018683 

0-00019464 

320 

1-059866 

000018708 

000019515 

830 

1061820 

000018733 

000019665 

840 

1*063778 

000018758 

000019616 

850 

1065748 

0-00018784 

0-00019666 

metres,  measmed  at  300^,  become  100,019,413  cubic  millimetres  at  301^.  Aooordingly, 
the  true  coefficient  of  expansion  increases  as  the  temperature  rises.  The  third  column 
contains  the  quotients  obtained  by  diyiding  the  difference  between  the  volume  (  Tt)  of 
mercury  at  <^  and  the  volume  of  the  same  weiffht  at  0°  (  V^  -  1)  by  the  number  of 
degrees  of  temperature  (»  <)»  ^^^  ^  ^  ^1*  ^®  mean  coefficient  of  expansion 
between  QP  and  <®,     *~  ^.    Between  ifi  and  100<>,  the  mean  coefficients  vaiy  so  little 

that  the  real  expansion  of  mercury,  and  much  more  therefore  its  smaller  apparent 
expansion  in  glass,  may  be  taken  as  proportional  to  the  temperature  measiued  by  the 
air-thermometer.  A  careful  comparison  of  an  air-thermometer  and  a  mercurial  th«^ 
mometer,  upon  which  the  points  0<^  and  100^  had  been  determined  under  the  same 
circumstances,  and  which  therefore  necessarily  agreed  at  these  temperatures,  showed 
the  following  differences  between  the  indications  of  the  two  instruments: 
Temperatures  by  air-thermomet«r— 

-36*^    0<»     +100*    129-9'*    148-7**    1970«    246*    292-7®    340*»; 
Temperatures  by  mercurial  thermometep— 

-36«    0<*     +100O     \Z(P       160O       200<>       260*    800«»       350°. 
From  Regnault's  table  it  results  that,  if  the  real  expansion  of  mercury  be  taken  as 
the  measure  of  temperature,  the  following  readings  of  the  air-  and  mercnirial  thermo- 
neters  will  indicate  the  same  tempraatures — 

*  In  RegnauU'i  ortf  inal  paper,  the  true  coeffldent  of  expansion  at  100°  fi  given,  doubtlers  In  cooce- 
qiience  of  a  misprint,  as  O^OOOlHSOft,  and  the  same  number  is  repeated  iu  various  other  plar*^ :  e^, 
H«d«6rterb.  der  ClMmia,  Snd  ed.  U.  [1],  W7,  artidt  Ammtrknurngj  also  Dafuin's  TratU  4e  FM§$iqm, 
a.  1U3.    Paris,  1861. 
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Air-Uiennometer — 

0©      50®      lOO®      130^      160O      200O      26Q9      800^      Z6(fi; 
Heicuiial  thermometer — 

OO     49-6<>    lOO®      130-50    151®      202-8<»    266-20   308-8O   862-20. 
Bj  a  series  of  obserrations  of  the  heiffhte  of  two  mercurial  barometers,  one  of  which 
was  kept  at  a  temperature  oear  0^  C,  while  the  other  was  heated  to  a  higher  tempera- 
ture^ Militser  (^ogg.  Ann.  Ixzx.  56)  obtained  for  the  mean  coefficient  of  absolate 
expansion  of  mercaiybetween  0^  and  100^,  the  number 

(H)0017405  ±  000000082  -  ^^  (^±212)' 
which  diffisrt  considerably  from  Begnacdt's  result^  and  is  probably  less  accorate. 

Apparent  Expantion  qf  Mtrcwry^  Ofid  deUrminathn  of  iMe  Cubical  Expansion  qf 
Giass  ffesseU,—By  help  of  the  foregoing  table  of  the  absolute  expansion  df  mercury, 
the  cubical  en>an8ion  of  glass  vessels  ma^  be  determined.  For  this  purpose  the  neck  of 
the  ressel  is  orawn  out  to  a  capillary  point;  it  is  filled  with  mercury,  care  being  taken 
to  exclude  all  moisture  or  air ;  exposed  successiyel^  to  the  temperatures  0^  and  K^^,  and 
weighed  with  the  quantity  of  mercury  which  fills  it  at  each  of  these  temperatures.    Let 

the  weight  of  the  empty  glass  yecBcl  be ^w, 

the  weight  of  the  Tessel  filled  with  mercury  at  0^        .        .        .        .        mmW, 
the  weight  of  the  vessel  filled  with  mercury  at  100^    .        .        .        .         -  ^, 
let  A  be  the  absolute  expansion  of  mercury,  and  k  the  cubical  expansion  of  glass 
between  0®  and  100° ;  then  we  have 

When  once  the  cubical  expansion  of  a  glass  vessel  is  known,  the  absolute  expansion 
of  any  liquid  can  be  deduced,  in  the  manner  already  explained  (p.  63X  fin)m  its 
apparent  expansion  as  observed  in  this  vessel.  Hence  a  problem  m  frequent  occur- 
rence is  to  determine  the  exoansion  of  the  glass  of  a  vessel  shapted  like  a  thermometer, 
and  provided  with  a  divided  stem,  for  which  the  relative  capacities  of  the  bulb  and  of 
one  cuvision  of  the  stem  have  been  previously  determined.  In  such  a  case,  it  is  only 
necessary  to  fill  the  apparatus  to  some  particular  point  of  the  scale  with  well-boiled 
mercuiy,  and  to  observe  the  apparent  volumes  of  the  mercuiy,  v  and  t^,  at  0^  and  100^, 
expressed  in  divisions  of  the  sode :  the  expansion  of  the  ^lass  can  then  be  calculated. 
For  (p.  53^  the  apparent  volume  of  the  mercury  at  100®  is  equal  to  ita  volume  at  0^ 
incr^uMd  oy  the  amount  of  its  absolute  expansion  between  0^  and  100^ ;  that  is : — 

t^  (1  +  If)  -  V  (I  +  aX  or  ic  -  A  (1  +  A)  -  1. 

The  apparent  expansion  of  mercury  in  glass  varies  with  the  kind  of  s^ass  employed, 
but  may  be  taken  on  an  average  *  0*0001546  for  each  degree  centigrade.  This  value 
may  be  used,  for  instance^  without  hesitation  in  calculating  the  corrected  length  of  the 
portion  of  the  thread  of  mercury  in  a  thermometer  which  is  not  exposed  to  the  tem- 
perature that  is  to  be  measured.  (See  heioWfDcterminatiano/ Boiling  Points.)  Between 
0^  and  100°  the  apparent  volume  of  mercury  in  glass  increases  in  the  proportion  of 
1 :  1*01545,  while  the  real  volume  increases  in  the  proportion  of  1 :  1*01816;  nence  the 
cubiod  expansion  of  ghiss  is 

1*01816  _ 

1*01645  w^^oo*. 

Another  case  in  which  the  absolute  expansion  of  mercury  requires  to  be  taken  into 
account,  is  in  reducing  barometric  observations  to  0°  C.    (Basombtbb,  i  612,  613.) 

Expansion  of  other  Liquids, — ^The  absolute  expansion  of  any  liquid  can  now  be 
ascertained  by  fillmg  with  it  a  small  dass  bottle,  whose  cubical  expansion  has  been 
previously  ascertained  in  the  manner  a&eady  described,  and  weighing  the  bottle  with 
the  quantity  of  liquid  which  fills  it  at  different  temperatures.  But  a  more  rapid 
method,  and  ther^ore  one  more  fi^uently  adopted,  is  to  observe  the  apparent  expan- 
sion of  the  liquid  in  a  dikUometer,  an  instrument  shaped  just  like  a  common  mercurial- 
thermometer,  and  then  to  correct  these  observations  for  the  previously  known  cubical 
expansion  of  the  glass.  In  this  way  very  numerous  determinations  have  been  made  by 
Isidore  Pierre  (Ann.  Ch.Phys.  [3]  xv.  325;  xix.  198;xx.  5;  xxL336;  xxxi.  118; 
xxxiii.  199)  and  by  Hermann  Kopp  (Fogg.  Ann.  Ixxii.  1  and  223;  Ann.  Gh.  Fharm. 
xdv.  267 ;  xcv.  307 ;  xcvi.  163  and  303 ;  c.  19).  The  principal  results  of  these  inves- 
tigations an  given  below. 
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HEAT. 

Expansion  of  Water.    (Kopp.) 


Volume. 

Density. 

Volume. 

Drostty. 

T«inp«raturtt. 

(Volume  at  OP  B  I.) 

(Density  at  OO  ex  1.) 

(Volume«t4«»=I.) 

(Density  *t40=  1.) 

OO 

100000 

1000000 

1-00012 

0-999877 

I 

0-99995 

1*000053 

1-00007 

0999930 

2 

0-99991 

1-000092 

1-00003 

0-999969 

3 

0-99989 

1000116 

100001 

0999992 

4 

0-99988 

1*000123 

1-00000 

1-000000 

5 

0-99988 

1000117 

1-00001 

0-999994 

6 

0-99990 

1*000097 

1-00003 

0-999973 

7 

0*99994 

1*000062 

100006 

0'9999S9 

8 

0*99999 

1-000014 

1-00011 

0-999890 

9 

1-00006 

0-999952 

1-00017 

0-999829 

10 

1*00012 

0*999876 

1-00025 

0-999753 

11 

1*00021 

0-999785 

100034 

0999664 

12 

100031 

0-999686 

1-00044 

0-999662 

13 

100048 

0-999572 

1-00065 

0-999449 

14 

100056 

0-999445 

1*00068 

0-999322 

15 

1*00070 

0-999306 

100082 

0*999183 

16 

1-00085 

0*999156 

1*00097 

0-999032 

17 

1*00101 

0*998992 

1*00118 

0-998869 

18 

100118 

0-998817 

100181 

0-998696 

19 

1*00137 

0-998631 

1-00149 

0-998609 

20 

100167 

0-998435 

1*00169 

0-998312 

21 

100178 

0-998228 

1*00190 

0-998104 

22 

1*00200 

0-998010 

1*00212 

0-997886 

23 

100223 

0-997780 

1-00235 

0-997657 

24 

100247 

0-997641 

1-00269 

0-997419 

26 

1-00271 

0997293 

1-00284 

0-99717O 

26 

1*00295 

0-997036 

1-00810 

0-996912 

27 

1*00319 

0-996767 

1-00337 

0-996644 

28 

100347 

0-996489 

100366 

0-996367 

29 

1*00376 

0-996202 

1-00393 

0-996082 

30 

1*00406 

0*996008 

1*00423 

0-996787 

35 

1*00570 

40 

1*00753 

45 

1*00954 

50 

1*01177 

65 

1*01410 

60 

1*01669 

65 

1*01930 

70 

102226 

75 

1*02641 

80 

1*02858 

86 

103189 

90 

103640 

95 

1*03909 

100 

1*04299 

The  Dumben  in  the  second  column  of  the  abore  table,  compared  with  that  represent- 
ing the  Tolume  of  the  same  quantity  of  water  at  0^,  give  the  following  four  inteipola- 
tion-formuls — 

Between  0^  and  25°  C. 

r-  1  -  0000061045  t  +  00000077183  f  -  000000003734  /■. 

Between  26<>  and  60®. 
F -  1  -  0*000065416  t  +  0*0000077585  /«  -  0000000036408  <•. 

Between  50®  and  75°. 
r  -  1  -  0-00005916  t    +  0-0000031849  t^  +  00000000072848  0, 

Between  75®  and  100®. 
r  «  1  -  000008645  t    +  0-0000031892  <*  +  00000000024487  <». 
It  will  be  seen  that»  between  0®  and  a  temperattire  of  about  +  4®,  water  presents  tTio 
exceedingly  rare  phenomenon  of  a  substance  which  contracts  when  heated  and  expAnda 
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hen  cooled,  m  tbat  at  about  4^  it  is  more  dense  than  at  any  other  temperature, 
ccording  to  the  fint  of  the  aboTe  formulsB,  the  exact  temperature  at  which  water 
jssessee  its  maTimwm  denaity  would  be  4-0>iB^.  The  resalts  of  other  ezperimentera 
idicate  in  general  Tezy  neariy  the  tame  temperature  for  this  point.  For  example, 
L&llstrom  fixed  it  at  41^  Deeprets  at  4^  Plaj^iir  and  Joule  at  8-96^,  Hagen  at  3*87^ 
rankenheim  at  3*81^^  Plneker  and  Geiaeler  at  8*8°  (nearly),  0.  t.  Neumann  at  8*68^ 
Llthongh  the  melting  point  of  ice  (0^  G.)  is  ako  the  point  at  which  water  freeses  nnder 
r^inaiy  eircamstances,  it  may  by  necial  precanUone  be  cooled  much  lower  without 
•eooming  aolid  (ik  74).  It  is  then  round  that  the  expansion  which  takes  plaoe  when 
rater  is  cooled  irom  4^  to  0^,  continues  as  the  temperature  sinlLS  below  the  latter  tem- 
perature. This  is  shown  in  the  following  table  by  Desprets  (Daguin*s  TraiU  de  Phjf' 
ique^  IL  206.  Paris^  1861),  which  gives  the  yolumes  and  densities  of  water  ibr  each 
legree  from  ~  9^  to  +  4^,  compared  with  its  Tolume  and  density  at  4^  as  unity.  The 
iomplete  table,  which  extends  from  -  9®  to  100^,  agrees  in  general  very  closely  with 
hat  already  f^iven  by  Kopp ;  it  is  therefore  not  necessary  to  reproduce  it  here  entire : 
he  portion  giren  oonespondis  to  the  last  two  columns  of  Kopp's  table. 


Expansion  of  Water  between  - 

•V'and^ 

40.    (Despreta.) 

Tempera, 
turet. 

Vohunet. 

DeoftHlei. 

Tempera- 
tiiret. 

Voltimet. 

Densities. 

-90 
-8 
-7 
-6 

-6 

-4 
-3 

1*0016314 
1-0018734 
1-0011364 
1-0009184 
1-0006987 
1-0006619 
1-0004222 

0-998371 
0-998628 
0-998866 
0-999082 
0*999202 
0*999437 
0*996677 

-2<> 
-1 

0 
+  1 

2 

3 

4 

1-0003077 
1-0002188 
1-0001269 
1-0000730 
10000331 
1-0000083 
1-0000000 

0-999692 
0-999786 
0-999873 
0-999927 
0*999966 
0-999999 
1*000000 

Frankenheim  TJahresber.  lib.  Chemie,  u.  s.  w.«  1862,  61)  calculated  from  Pierre's 
obserrations  the  following  empirical  fbrmulie,  to  express  the  Tolnme  of  water  at  ^, 
compared  with  its  volume  at  0^  taken  as  unity : 

Between  -  13^  and  0^. 
1  -  0-00009417  t  +  0*000001449  ^  -  0*0000006986  /*. 

It  is  not  necessary  to  give  the  other  six  similar  formulse  which  he  calculated  for  other 
intervals  of  temperature  up  to  +  98®,  nor  to  repoduce  any  part  of  the  table  which  he 
calculated  by  means  of  them,  except  the  following  numben  refeiring  to  temperatures 
below  O®: 

Temperatures    -I60  -10®  ^SP  (P 

Volumes     .     1*0087684        1-0016861        10006819        1-0000000. 

Tables  of  the  expansion  of  water  between  (P  and  100°  have  also  been  constructed  by 
Hagen  (see  Jahresber.  ub.  Gbemie,  u. s.  w.,  1866,  60),  Kremers  {ibid,  1861,  62),  and 
others. 

Kopp*8  table  further  shows  that  water  expands  more  and  more  rapidly  as  the  tem- 
perature rises.  This  property  likewise  is  found  to  remain  the  same  when,  by  increasing 
the  pressure  upon  it,  water  is  kept  liquid  at  temperatiiree  above  100^.  Thus,  for 
example,  by  observing  under  the  microscope  the  apparent  expansion  of  water  in  ther- 
mometer-tubes, Sorby  (PhiL  Hag.  [4]  xviii.  81)  obtained  results  from  which  he 
calculated  the  following  formula  for  its  expansion  between  (P  and  200°: 

V  «  0-9977  -I-  0-000128  t  +  0-00000830  <•, 
which  aecords  closely  with  the  formula  which  he  calculated  for  the  same  interral  of 
temperature  from  Kopp's  experiments,  namely, 

r»  0-997696  +  0*0001101  t  +  000000343  f, 
Hendelejeff  also  (Zeitschr.  Chem.  Pharm.  1861,  83;  Ann.  Ch.  Pharm.  cxix.  1) 
investigated  the  expansion  of  water  above  100°  with  the  following  results: — 


Tcttptratures. 

Dentltiet. 
(Density  of  water  at  40  -  1.) 

Volumes. 
(  Voliraie  of  water  at  0°  ■  1 .) 

Volumes  calculated  by 
Kopp's  formula. 

99-8° 
1310 
166*8 

0*96908 
0-93079 
0-90770 

10426 
1-0722 
1-1016 

1-0429 
1-0716 
11014 
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The  presence  of  saline  substances  in  sdntion  in  water  renders  its  rate  of 
more  uniform,  both  below  and  aboTe'  100^.  [For  determinations  of  the  rate 
sion  of  aqueous  solutions,  see  Kremers  (Pogg.  Ann.  c.  894;  Jahresber.  till 
u.  s.  w.,  1857  [1]  44:  chlorides  of  potassium,  sodium,  litbium,  and  barimn.— 
Pogg.  Ann.  CT.  360 ;  Jahresber.  1868,  41 :  chlorides  of  calcium,  cadmium,  6 
2inc,  magnesium;  bromides  of  potassium,  sodium,  lithium,  barium,  stjx>ntinm.— 
Pogg.  Ann.  cviii.  116;  Jahresber.  1869,  48:  bromides  of  strontium,  calcitim 
sium,  sine,  cadmium ;  iodides  of  potassium  and  sodium ;  hydrochloric  acid.— 
Pbgg.  Ann.  exi.  60;  Jahresber.  1860,  46:  iodides  of  lithium,  barium,  stront 
cium,  magnesium,  zinc,  cadmium. — ^Further,  Po^.  Ann.  cxiv.  41 ;  Jahresber.  1 
nitrates  and  sulphates  of  potassium,  sodium,  ^hium ;  aqueous  nitric  and  i 
acids),  Oerlach  (Jahresber.  1869,  42-48:  chlorides  of  potassium,  sodium, 
ammonium,  magnesium,  calcium,  barium,  aluminium;  sulphates  of  potassi 
sodium ;  carbonates  of  potassium  and  sodium ;  tartaric  acia,  citric  acid,  cani 
and  8or  by  (loc.  eit, :  ddorides  of  potassium  and  sodium,  sulphate  of  sodium).' 

The  temperature  of  maximum  density  of  aqueous  solutions  is  lower  than  thai 
water.  In  fiict,  with  solutions  of  many  substances,  this  temperature  lies  lower  i 
ordinary  freezing-point  of  the  solution,  and  is  in  general  (as  well  as  the  freezin, 
lower  the  larger  the  proportion  of  saline  matter  contained  in  the  solution. 


PoinU  of  Maximum  Density  and  Congelation  of  Aqueous  Solutions.    (D  e  s  p  i 


Sub 

WHght  of  substance 

Freexing-poin 
solution  wbeo 

in  997*45  parts  of  water. 

mum  density. 

Sea-water 

-    3-7<» 

-l-8fi 

Chloride  of  sodium 

12-3 

+     1-2 

-0-8 

»»               »»     •        • 

24-9 

-    1-7 

-1-4 

»»               »i     •        • 

370 

-    4-76 

-21 

741 

-  160 

-4-3 

Chloride  of  calcium 

6-2 

+     3-2 

-0-2 

»»                »»      •        • 

12-3 

+     206 

-0-6 

»»                i»     •         • 

24-7 

+    0-06 

-1-0 

i»                i»      •        • 

370 

-    2-4 

-  3-9 

»»                »»     •        • 

741 

-  10-4 

-6-3 

Sulphate  of  potassium    . 

6-2 

+     2-9 

-01 

$i                 »»    •        • 

12-3 

+     1-9 

-0-3 

}f                  II    •        • 

24-7 

-    0-1 

"O'dS 

fi                  II    •        • 

370 

-    2-3 

-2-1 

II                  II    •        • 

741 

-    8-4 

-41 

Sulphate  of  sodium 

6-2 

+     2-6 

-0-2 

II               II     •        • 

12-3 

+     116 

-0-4 

II               II     •        • 

24-7 

-    1-6 

~0'7 

II               II     •        • 

370 

-    4-3 

-1-3 

Carbonate  of  potassium . 

370 

-    3-96 

-32 

..         . 

741 

-12-4 

-2-26 

Carbonate  of  sodium 

371 

-    70 

-2  86 

II               II            * 

741 

-17-3 

-2-2 

Sulphate  of  copper 

680 

-    0-6 

-1-3 

Potash  .... 

37-4 

-    6-6 

-21 

i       1,      .        .        .        . 

741 

-  16-96 

-4-3 

Alcohol 

741 

+     2-3 

-2-8 

Sulphuric  acid 

12-3 

+    0-6 

-0-4 

II          II          •        • 

24-7 

-    1-9 

-11 

II          II          •        • 

370 

-    60 

-1-3 

In  the  tables  which  follow,  Kopp  has  collected  together  the  results  of  b's  own  a 
Pierre's  determinations  of  the  expansion  of  nearly  ninety  other  liquids,  chiefly  oi^ 
In  each  table,  the  several  substances  are  arranged  in  the  order  of  their  boiliog-poin 
beginning  with  the  lowest.  Except  where  the  contranr  is  stated,  the  volume  of  ea 
liquid  at  O^'  C.  is  taken  as  the  unit,  with  which  its  Yolnme  at  higher  temperatures 
compared. 

Table  A  (Ann.  Ch.  Pharm.  c  21)  gives  the  expansion  of  seven  nitrogenous  ooi 
pounds  fix>m  the  determinations  of  Kopp  and  Pierre. 
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Table  B  (ibid,  xen.  163)  gives  the  expansion  of  forty-two  liquids,  eoDtaining  no 
other  elements  than  carbon,  hydrogen,  and  oxygen,  according  to  the  experiments  of 
H.  Kopp : — Table  C  (ilnd,  xcru  304)  giyes  the  expansion  of  thirty-eight  compounds 
eontaimng  sulphur,  iodine^  bromine,  and  chlorine,  according  to  the  experiments  of 
Eopp  ana  Piene. 

Tablb  a. 


«c. 

Korp. 

PiBMtl. 

KOPF. 

•c. 

Cymnlde  of 
methyl 
(•cetonU 
trllr). 
CaiPN. 

Hitrateof 
CSH>{lO*. 

Solpboev. 

UM/6   of 

metbTl. 
C>H>K8. 

OUof 
muatard. 
C«H»NS. 

AniUne. 

Cyanide  of 
phenyl 

(bensonU 
irilei. 
C'H»N. 

NltrobtD. 

snie. 
C»H»NO«. 

0 
10 
20 
30 

40 
60 
60 
70 

80 

90 

100 

110 

120 
130 
140 
160 

160 
170 
180 
190 

200 
210 
220 

10000 
10W2 
10260 
10384 

10623 
10669 
10824 
10988 

11161 

10000 
10117 
10244 
10377 

10617 
10661 
10810 
10962 

11116 
11270 

10000 
10098 
10200 
10306 

10416 
10631 
10663 
10781 

10909 
11042 
11178 
11318 

11462 
11609 
11760 

10000 
10107 
10216 
10324 

10434 
10646 
10660 
10777 

10897 
11021 
11148 
11280 

11418 
11661 
11708 
11862 

10000 
10083 
10167 
10263 

10342 
10433 
10626 
10619 

10716 
10816 
10916 
11018 

11124 
11231 
11341 
11464 

11669 
11(86 
11806 
11928 

10000 
10093 
10186 
10279 

10373 
10467 
10662 
10669 

10767 
10867 
10961 
11067 

11177 
11289 
11406 
11628 

11662 
11783 
11919 
12061 

12209 

10000 
10084 
10168 
10263 

10340 
10428 
10618 
10609 

10701 
10796 
10892 
10990 

11090 
11192 
11297 
11404 

11612 
11628 
11736 
11863 

11972 
12093 
12218 

0 
10 
20 
30 

40 
60 
60 
70 

80 

90 

100 

no 

120 
130 
140 
160 

160 
170 

180 
190 

200 
210 
220 

From  the  inspection  of  these  tables  it  will  be  seen  that,  as  a  general,  though  not 
uniyersal,  rule,  those  substances  expand  most  rapidly  at  ordinary  temperatures  whose 
boiling* points  are  lowest;  that  isomeric  compounds  haying  the  same  boiling-pointy 
expand  at  the  same  or  yeiy  nearly  the  same  rate  (e.  g.  formate  of  ethyl  and  acetate  of 
methyl,  C*H*0*;  propionate  of  e%l  and  butyrate  of  methyl,  C*H'»0«;  butyrate  of 
ethyl  and  valerate  of  methyl,  C>H'H>D ;  that  the  rate  of  expansion  of  each  liquid 
increases  as  the  temperature  rises.  Tms  last  fact  becomes  still  more  apparent  on 
comparing  the  coefficients  of  expansion  at  different  temperatures  (for  a  table  of  the  true 
and  mean  coefficients  of  expansion  of  the  liquids  examined  by  Pierre,  see  Omelin's 
Handbook^  i.  226),  and  a  consequence  of  it  is  that,  when  the  volumes  of  different  liquids 
are  compeared  at  the  same  number  of  degrees  below  their  several  boiling-points,  the 
volume  of  each  liquid  at  its  boiling-point  being  taken  as  unity,  the  alterations  corre- 
sponding to  equal  intervals  of  temperature  are  found  to  be  often  much  more  uniform 
tnan  when  the  comparison  is  made  (as  in  the  tables  which  follow)  for  the  same  absolute 
temperatures.  (Tables  of  Pierre's  results,  calculated  for  equal  distances  from  the 
boihng-points,  are  given  in  Omelin's  Handbook,  i.  227-230.) 

Observations  of  the  expansion  of  liquids  by  the  methods  already  described  are 
limited  to  temperatures  below  the  ordinary  boiling-points,  but  by  special  methods  such 
observations  can  be  extended  to  higher  temperatures,  and  it  is  then  found  that  the 
increasing  rate  of  expansion  continues  up  to  the  highest  points  at  which  determinations 
can  be  made,  so  that,  under  such  circumstances,  liquids  may  expand  as  rapidly  as 
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gmaes,  or  even  more  rapidly,  for  equal  incrementu  of  teinperature.  Determinations  of 
the  ezpantdon  of  water  aboTe  KHP,  by  Mendel^eff,  hare  already  been  ^ven  (p.  69) ; 
the  preceding  table  (p.  66)  containa  the  results  of  the  observations  of  I) r ion  (Ann. 
Ch,  Phys.  [3]  Iri.  6),  Andreeff  {ibid,  Ivi.  317),  and  Mendelejeff  {loc.  cit.)  on 
some  other  liquids  at  temperatures  abore  their  usual  boiling  points.  To  senre  as  a 
standard  of  comparison,  the  expansion  of  air  is  gixen  in  the  bst  column  of  the  table. 

Sspanaloa  #f  ftoUds. — In  speaking  of  the  expansion  of  solid  bodies,  it  is  needful 
to  distiumiish  between  linear  expansion,  or  the  increase  in  length  of  a  linear  unit ; 
sivperfioM  expansion,  or  the  increase  in  the  area  of  a  unit  of  sur&ce;  and  cubical 
expansion,  or  the  increase  in  bulk  of  a  unit  of  volume.  If  a  solid  body,  whose  length 
18  A  linear  units,  expands,  when  heated  from  0^  C.  to  1^,  so  as  to  measure  ^  +  a  at  the 
higher  temperature,  a  portion  of  ita  surfiiee  containing  A^  superficial  units  at  the  lower 
temperature  will  becomejf^  -I-  a)*  when  expanded,  and,  at  the  same  time,  the  volume  A^ 
will  become  {A  +  a)'.    We  have  therefore  for  the  increase  in  length,  or 

Hnear  expansion,         A  •¥  a    —A    aa;fi>r  the 
superficial  expansion,  (A  -¥  a^  —  A*  -*  2Aa  •«•  a* ;  for  the 
cubical  expansion,      {A  -¥  af  —  A*  »-  ZAH  +  ZAcfi  +  a*. 

But  since  a  ia  always  a  very  small  fraction  oi  A^  a^  is  also  a  very  small  fraction 
of  a ;  hence  the  second  and  third  terms  of  these  expresnons  may  be  omitted.  Accord- 
ingly, the  expansion  of  A  linear  unite  may  be  taken  as  a,  the  expansion  of  A*  superficial 
umta  as  2Aa^  and  the  expansion  of  A*  cubical  units  as  ZA^a,  The  coefficient  of  linear, 
superficial,  and  cubical  expansion,  or  the  expansion  of  one  unit  of  each  kind,  will 
therefore  be  respectiTely 

a     2Aa      ^  a         ,  ZA*a      .  a  ^ 
1>  -iT  -  2  -,  and-^j5-  -  3-; 


A* 


A* 


that  is  to  say,  the  coefficient  of  superficial  expansion  is  twice  as  great,  and  the  coeffi- 
cient of  cubical  expansion  three  times  as  great  as  the  coefficient  of  linear  expansion. 

When  a  hollow  vessel  is  heated,  its  capacity  increases  to  exactly  the  same  extent  as 
it  would  do  if  filled  with  the  substance  of  which  its  sides  are  composed ;  that  is,  its 
expansion  is  the  same  as  the  cubical  expansion  of  a  solid  mass  of  the  same  material 
and  dimensions.  If  a  be  the  coefficient  of  cubical  expansion  of  any  kind  of  glass  for 
a  rise  of  temperature  of  l^'  C,  a  vessel  made  of  this  glass  and  having  the  capacity  V^ 
at  0®,  would  have  at  t9  the  capacity  F,  —  F,  (1  +  k  t).  Similar  considerations  are 
applicable  in  the  case  of  a  glass  vessel  which  is  divided  into  parts  of  equal  cajmcity  b^ 
a  scale  etched  upon  the  side,  when  the  space  comprised  between  two  consecutive  divi- 
sions at  (y^  is  taken  as  the  unit  of  capacity.  The  apparent  volume  Fp  read  off  at  t9, 
would  then  correspond  to  the  real  volume  Fq  (1  +  ir  t)  referred  to  the  unit  adopted. 

Deierminationt  of  Linear  Expansion. — The  linear  expansion  has  been  measured  for 
the  greater  number  of  such  substances  aa  can  be  obtained  in  the  form  of  rods  or  bars 
of  considerable  length.  For  the  purpose. of  such  measurements,  one  end  of  the  bar 
is  fixed  immovably,  and  its  length  is  measured,  by  means  of  micrometric  apparatus 
attached  to  the  other  en^  &t  two  known  temperatures,  such  as  0^  and  lOCP  C,  which 
can  be  maintained  constant  sufficiently  long  to  make  it  certain  t}iat  tjiey  have  been 
attained  by  the  bar  throughout  its  whole  mass.  The  following  table  of  linear  expansions 
between  0^  and  100^  C.  is  froiA  Ure's  Dictionary  <if  Chemistry,  ed,  1836,  ppu  371, 272. 


lAnear  Expansion  of  SoUds  by- Heat, 


DimMul 

kNMvMchal 

ter  Uk6S  at  \VP  C.  whoM  length  at  (P  li  1*000000.              Exfwi. 

Ohiss  tube       .        .        .        .        .    Smeaton    ....    1-00083383 

i» 

Hoy 100077616 

.    Deluc'smean     .        .        .    100082800   ^ 

^ 

>»              •        ' 

Bulong  and  Petit               .     100086130   ^ 
Lavdner  and  Laplace        .     100081166    ^ 

Plate  glass 

„      .        .     100089089    X 

„    crown  glass     . 

„      .        .     100087672    X 

»f                    n                  < 

„       .        .     100089760    y^ 

t)                          H                        • 

„      .        .     100091761 

„    rod         .        , 

Boy 100080787 

Deal        .        .        , 
Platinum 

Boy saglaas 

Borda        ....     100086666    ^^ 

»•        •        • 

Dulong  and  Petit       .        •     100088420   ^ 

„                     •                     •                    4 

Troughton         .                .     1*00099180 

„      andglass 

\    Berthoud  ....     1  OOllOOOO 
p  2 
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JAmemr  ExptmHon  of  Solids  by  Heat 
Dtetnttons  which  a  bar  takM  at  100»  C.  whoM  length  at  OP  b 

Palladiiim WoUaston. 

Antimony        •        •        •        •        •  Smeaton    •        •        • 

Cast-iron  primn        •        •        •        •  Boy  .... 

Cast-iron         •        •        •        •        •  Laroisier,  by  Dr.  Young 

Steel Tronghton 

Steel  lod Boy  .... 

Blistered  steel         ....  FhiL  Trans.  1795,  428 

n        H     •        •        •        •        •  Smeaton    ... 

Steel  not  tempered  ....  Lavoisier  and  Laplace 

W  !»••••  tt  f>  • 

„    tempered  yellow      ...  „  *t      • 

„         H  f>   at  a  higher  heat  ^  „     . 

Steel Tronghton 


Hard  steel 
Annealed  steel 
Tempered  steel 
Iron 


Smeaton 
Mnschenbroek  . 

t»  •        • 

Borda 

Smeaton    ... 
LaToisier  and  Laplace 


Soft  iron,  forged      .        •        • 
Boond  iron,  wire  drawn  .        . 

Iron  wire Tronghton 

Iron        ......  Dolong  and  Petit 

Bismuth Smeaton    .        .        • 

Annealed  gold         ....  Mnschenbroek  • 

Oold Ellicot>  by  comparison 

„    procured  by  parting  .  LaToisier  and  Laplace 

„    Paris  standard,  nnannealed      •  „ 

*i        >•         »         annealed.        .  „ 

Copper Mnschenbroek 

„ Lavoisier  and  Laplace 


Brass 


Tronghton 

Dulong  and  Petit 

Borda 

Lavoisier  and  Laplace 


Brass  scale,  supposed  from  Hamburg  Boy  . 

Cast  Brass       .....  Sineaton 

English  plate-brassy  in  rod       .        .  Boy  • 
»,             „          in  a  tiough  form      ^    • 
Brass 
„    wire 


Copper  8,  tin  1 
Silver 


„     of  cupel . 

„     Paris  standard 
Silver      . 

Brass  18,  tin  1         • 
Speculum  metal 


Spelter  solder;  brass  2,  zinc  1 . 

Malacca  tin     . 

Tin  from  Falmouth  • 

Fine  pewter     •        • 

Grain  tin         •        • 

Tin.        .        .        . 

Soft  solder;  lead  2,  tin  1 

Zinc  8,  tin  1,  a  little  hammered 

Lead       .... 


Tronghton 
Smeaton    .       • 
Muschenbroek  . 
Smeaton    . 
Herbert     . 
Ellicot^  by  comparison 
Muschenbroek  . 
Lavoisier  and  Laplace 

Tronghton 
Smeaton    . 


Ziac 


Lavoisier  and  Laplace 

i»  »» 

Smeaton    . 

»»  •        • 

Muschenbroek  . 
Smeaton    . 
Smeaton     • 
Lavoisier  and  Laplace 
Smeaton    . 


1*00100000 

r0010830O 

1-00110940 

100111111 

100118990 

10011447O 

100112500 

1*00116000 

100107876    A, 

1-00107966     ^ 

1*00136900 

1*00138600 

1*00123966     ^ 

1*00118980 

1-0012260O 

1-0012200O 

100187000 

1-0011660O 

1-00126800 

100122046 

1*00123604 

1-0014401O 

100118203     ^ 

1-0013920O 

100146000 

100150000 

100146606     Af 

1-00155156     ^ 

1-00151361     ^ 

10019100O 

100172244     O, 

100171222     sfc 

1-0019188O 

100171821     jjj 

1-0017880O 

1*00186671 

1*00188971 

1-0018554O 

1-001875OO 

1-0018928O 

1-0018949O 

1-0019188O 

1001930OO 

10021 6000 

100181700 

1*00189000 

1-002100OO 

1-002120OO 

1-00190974     *| 

1-00190868     si 

1-0020826O 

1-001908OO 

1-001933OO 

1002058OO 

100193766      eI 

1-00217298     jI 

1002283OO 

1002488OO 

100284000 

1-0025O8OO 

1002692OO 

1-00284836      5^1 

1-002867OO 

1  00294200 
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lAnear  Expafuicn  of  Solids  hy  Heat 
Dimenilons  which  a  bar  takef  at  100^  C.  vboM  length  at  QO  Is  1-000000.  Bxpan- 

Ziuc»  hammered  oat  \  inch  per  fbot .    Smeaton    ....  1 '00301 100 

Glass,  from  0^  to  lOO**     .        .        .    Dolong  and  Petit       .        .  100086130 

„     from  100<>  to  200° .        .        .  „  „  .        .  100091827 

„     from200Oto300O.        .        .  „  „  .        .  I'OOOIOIIU 

The  last  two  measorements  by  an  air-thermometer. 

Messrs.  Calrert,  Johnson,  and  Lowe  haye  determined  the  linear  expansion  of  a  con- 
siderable numbw  of  metals  and  alloys  bj  a  modification  of  the  method  above  described, 
for  the  details  of  which  we  most  refer  to  the  original  paper  published  in  the  Mechanic^ 
Jllaaazine, 

The  following  are  the  linear  e^>ansion8  of  simple  metaU  between  0^  and  100°  G. 
thus  determined : — 

Cadmium  (pure) 0-00332    - 

Lead  (pure) 0H)0301 

Tin  (pure) 000273 

Aluminium  (commercial)        ••••..  000222 

Zinc,  forged  (pure) 000220 

Silver  (pure) 000199 

Gold  (pure) 000138 

Bismuth  (pure) 000133 

Wrought  uon 000119 

Castuon 000112 

Steel  (soft) 000103 

Antimony  (pure)    .•..•...  0*00098 

Platinum  (commercial) 0  00068 

From  the  preceding  table  it  will  be  seen  that  the  coefficients  of  expansion  of  the  metals 
vary  with  their  physical  condition,  being  different  for  the  same  metal  according  as  it  has 
been  cast,  hammered  and  rolled,  haidened,  or  annealed.  As  a  general  rule,  those 
operations  which  increase  the  density,  appear  also  to  increase  the  rate  of  expansion  by 
heat.  But  even  for  substances  in  apparently  the  same  condition,  different  observers 
have  found  veiy  unequal  amounts  of  expansion ;  this  may  arise,  in  the  case  of  com- 
pound Bubetances,  such  as  gkss,  brass,  or  steel,  from  a  want  of  uniformity  in  chemical 
composition,  and  in  simple  bodies  from  sli^t  differences  of  physical  state.  Hence,  io  all 
cases  where  great  accuracy  is  required  in  the  determination  of  the  linear  expansion,  as  in 
rods  employed  for  pendulum  observations,  or  for  the  measurement  of  the  base-lines  of 
surveys,  it  is  impossible  to  rely  upon  the  results  of  previous  determinations  of  the 
expansion  of  the  material  in  (question ;  but  the  linear  expansion  of  each  individual  rod 
must  be  determined  by  a  speaal  e]q>eriment :  this  was  done,  for  instance,  bvDe  Borda, 
with  each  of  the  four  platinum  measuring  rods  (each  two  toises,  or  twelve  F^nch  feet 
longX  which  were  employed  in  the  measurement  of  the  arc  of  meridian,  from  which  the 
length  of  the  metre  was  deduced. 

Copper  rods  were  laid  Upon  the  platinum  rods,  and  both  wero  firmly  fixed  tocher 
at  one  end ;  the  copper  rods  carried  a  divided  scale  at  the  other  end,  which  indicated 
directly  the  twenty-thousandth  part  of  their  length,  while  by  means  of  a  vernier 
attached  to  the  corresponding  end  of  the  platinum  rods,  tenths  of  Uiese  divisions,  or 
about  the  one-hundreath  part  of  a  French  line,  could  be  read  off  In  this  way,  the 
difference  in  the  expansion  of  two  rods  of  the  same  length  but  different  materials  can 
be  determined  with  great  accuracy,  and  if  the  coefficient  of  expansion  fbr  the  material 
of  one  rod  is  known,  the  coefficient  of  that  of  the  other  can  be  calculated. 

If  both  rods  have  the  same  length,  L,  at  0®,  and  at  tP  one  has  the  length  L'^  L 
1  +  at\  the  other  the  length  X,"«  L(l  +  at\  we  have  X'-  L''^^  LtU-  a).  But 
_S'-  X"  is  the  observed  difference  of  length  at  the  temperature  tP;  and  hence  if  a  is 
known,  a'  is  easily  calculated.  In  this  way,  Dulong  and  Petit  dedticed  the  linear  ex- 
pansion of  copper  from  that  of  platinum. 

Jf,  on  the  other  hand,  the  expansion  of  the  material  of  two  rods  thus  united  is 
known,  and  can  be  taken  as  proportional,  within  certain  limits  of  temperaturo,  to  the 
indications  of  the  mercurial  thermometer,  the  combination  of  the  two  rods  may  be 
employed  as  a  metallic  thermometer.  The  measurement  of  temperatures  in  this  way 
is  specially  valuable  in  the  case  of  standard  measures  of  length,  which  can  thus  m 
maoe  to  indicate  their  own  temperature.  If,  fbr  instance,  the  two  rods  have  the  same 
length  at  0^,  and  differ  at  100^  by  the  amount  2>,  and  at  <^  by  the  amount  d^  the  tem- 
perature is  given  by  the  equation  <«  7%  100. 
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The  unequal  expanmon  of  diflerent  metals  has  been  taken  adTsntage  of  for  the  eoi 
atrnetion  of  thermometers  of  another  kind.  If  two  straight  strips  ^  different  metd 
are  futened  together  throughont  their  whole  length,  any  yariation  of  temperatore  mm 
cause  the  conipoand  strip  to  bend,  so  that  the  least  expanded  metal  will  be  on  the  eoi 
care  sidoi  and  the  most  expanded  met^d  on  the  convex  side  of  the  curve.  B  r  eg ae t ' 
thermometer,  constructed  upon  this  principle,  is  made  from  a  compound  plate  of  platinun 
gold,  and  silver,  soldered  together,  the  gold  in  the  middle.  This  is  rolled  out  veiy  thij 
and  cut  into  vexy  narrow  stripe,  which  are  coiled  round  into  qpirals.  The  thermomet^ 
consists  of  such  a  spiral  suspended  by  one  end  from  a  support,  and  canying  a  need] 
which  swings  round  a  divided  circle  at  the  other. 

Supposing  the  silver  to  be  inside  of  the  spiral,  any  rise  of  temperature  will  be  ind 
eated  by  the  untwisting  of  the  spiral,  and  a  fall  of  temperature  by  its  twisting  moi 
tightly.  The  small  mass  of  this  instrument,  and  the  low  specific  heat  of  the  materia 
composing  it,  cause  it  to  indicate  changes  of  temperature  very  rapidly,  and  to  be  affecte 
by  very  small  quantities  of  heat 

JOettrminationa  of  Cubical  Expanrion. — ^When  the  coefficient  of  linear  ezpanaioo  < 
a  substance  is  known,  its  coefficient  of  cubical  expansion  is  obtained  by  multiplyii 
the  linear  coefficient  by  3,  as  already  explained  (p.  67).  The  cubical  expansion  ca 
also  be  ascertained  by  direct  measurement  The  foUowing  method  was  employe 
by  Dulong  and  Petit  for  this  purpose:  Into  a  glass  tube,  18  millimetres  wide^ 
decimetres  long;  and  closed  at  one  end,  thev  introduced  a  nxl,  previously  weighed.  ' 
a  metal  not  attacked  by  mercuiy.  Let  W  be  its  weight  The  tube  was  then  dra-« 
out  at  the  open  end  and  bent  as  in  ^.  536,  after  which  it  was  filled  with  pare  me 

^9'^^^'  out     to     remo^ 

every  trace  of  ai 
exactly  as  in  fillii 
a  mercurial  the 
mometer.  In  tli 
state  the  appar 
tus  was  placed  h 
rizontalnr,  ai 
surrounded    wi 

melting  ice,  the  point  dipping  below  the  surface  of  mercury  contained  in  a  sm; 
capsule.  It  was  thus  filled  with  mercury  at  0^.  The  capsule  was  next  emptif 
replaced  under  the  point,  and  the  apparatus  allowed  again  to  assume  the  temperatu 
of  the  atmosphere.  Then,  by  weighmg  together  the  tube  and  capsule,  and  deduct  ii 
from  the  gross  weight  their  weight  before  the  introduction  of  tie  mercury,  they  o 
tained  the  weight,  W^  of  the  mercury  which  exactly  filled  at  0**  so  much  of  the  capaci 
of  the  tube  as  was  not  occupied  hj  the  metal  rod  The  experiment  was  completed  1 
heating  the  instrument  in  an  oil-bath  to  a  high  temperature,  U  and  weighing  ti 
quantity  of  mercury  which  escaped  from  the  point,  as  in  the  determination  of  a  tei 
perature  by  means  of  the  weight-thermometer  (p.  18). 

If  Dq  and  Dq  represent  the  densities  at  0®  of  mercury  and  of  the  metal;  A,  x,  and 
the  coefficients  of  cubical  expansion  of  mercury,  of  the  metal,  and  of  glass  respective] 
their  volumes  at  0^  will  be  represented  by 

WW         .    /W        W\ 

and  if  w  is  the  weight  of  mercu|7^  which  escapes  from  the  tube  between  0®  and  /°,  t 
weight  of  mercury  remaining  in  the  tube  at  the  latter  temperature  will  be  W— 
Then  putting  the  volume  of  this  weight  of  mercury  at  the  temperature  t,  together  -wi 
that  of  the  metal  rod  at  the  same  temperature,  equal  to  the  capacity  of  the  tube  wbi 
contains  them,  we  have 

W  ^  W ,.  .  fr    ,,  ^.         ^W        W^\  ,_  ,- 

-J-  (1+  AO  +  5J>(1  +  .0  -  (^-  +  ^,)  (1  +  ,«).• 


whence 


w  \ 


to(l  +  Af)  ^  W{Lt  -  Kt) 


«) 


It  is  of  course  necessary  that  the  values  of  A  and  k  should  have  been  detemuneu 
previous  experiments  in  the  way  already  described. 

Another,  to  some  extent  similar,  method  of  measuring  the  cubical  expansion  of  boI 
bodies,  consists  in  determining  their  specific  gravities  at  various  temperatures,  the  b« 
of  a  given  weight  of  a  substance  being  inversely  as  its  density. 

In  applying  this  method,  the  weight  of  water  free  from  air  which  fills  a  apeoif 
pavity  bottle  at  various  temperatures  is  first  ascertained;  then,  the  weight  of  t 
bottle  is  determined  at  the  same  temperatures  after  a  known  weight  of  the  sobstai: 
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mnd«r  ezamination  has  been  pot  into  it,  and  the  intentieM  filled  with  water.    Let  W 

be  the  weight  of  water  which  fills  the  bottle  at  the  temperature  <»  W'  the  weight  of  the 

Bolid  enbeUnce,  and  8  the  weight  of  water  and  solid  subetanee  which  together  fill  the 

bottle  at  19  \  then  the  density  of  the  substance  at  f^,  oomoared  with  that  of  water  at 

W 
the  same  temperaturei  is  2>t  »  .^^j^  __»,.;  and  if  F",  represents  the  bulk  which  s 

unit>Tx>hune  of  watsr  measnred  at  O^'  assumes  at  ^,  the  density  of  the  substance  at  ^, 
compared  with  that  of  water  at  0®,  is  ^  «  2>^.  Lastly,  if  the  density  D^  of  the  sub- 
stance at  some  other  temperature  f^^  has  been  determined  in  the  same  way,  ifs  mean 
coefScient  of  eubical  expansion  for  one  degree  b^ween  f  and  t^  is  tt^-^jt^-,* 

Table  ofCoeffioimis  of  Cubical  Expanmm  of  Solids  for  l^  C. 


SulMtance. 

Cocfflcimt. 

iDtenral  of 
Temperature. 

Obeenrer. 

Gkss        .... 

m^  ^ 

00000258 

O^tolOOo 

Buloog 

t»            .         •         .         . 

IftAdft  — 

•0000276 

0 

„  200 

fi 

»«            .... 

I5&5»  — 

•0000304 

0 

„  300 

n 

Soft  French  glass     . 

•0000260 

17 

.99 

Kopp 

„        „        another  kind 

•0000263 

7 

n  99 

tf 

Hard  potash  glass     . 

•0000209 

1ft 

„  100 

^        M 

Common  glass  . 

szn?  "• 

•0000276 

0 

..  100 

Hegnault 

t»             w       •           •           • 

SSt30    "* 

•0000306 

0 

„  300 

.. 

Crrstal^lassfrom  Chsisy-  / 

uSm  " 

•0000228 

0 

„  100 

f. 

f>             ft             >i 

lain  " 

•0000233 

0 

„  800 

., 

Iron          .... 

STaM   ■■ 

•0000366 

0 

„  100 

Dulong 

»f   •        •  ^      •        •        • 

wAoV    " 

•0000441 

0 

,.  300 

♦. 

„    (soft  wire).        .        . 

•0000370 

13 

..  100 

Kopp 

Copper     .... 

10400     * 

•0000616 

0 

.,  100 

Dulong 

rt                •            «             •            « 

Tfhs  - 

•0000666 

0 

,.  300 

.. 

„      (wire)   . 

•0000518 

11 

»  «9 

Kopp 

Platinum  .... 

ITTOT    " 

•0000266 

0 

„  100 

Dulong 

t»         •        •        .        • 

liiro  ■ 

•0000276 

0 

.,  300 

.» 

Load        .        .         .        . 

•0000889 

11 

.,  100 

Kopp 

Tin 

•0000689 

12 

„99 

.. 

Zinc         .... 

•0000893 

11 

n  44 

t» 

Cadmium 

•0000936 

12 

„  43 

M 

Bismuth  .... 

•0000400 

12 

.,41 

n 

Antimony 

•0000331 

12 

n   43 

M 

Sulphur    .... 

•0001826 

14 

.,48 

.f 

Lead-glance 

•0000680 

14 

..  48 

tf 

Zinc-blende      . 

•0000368 

16 

„46 

ti 

Iron-pyrites 

•0000338 

16 

„  47 

n 

RutUe      .... 

•0000822 

14 

.,  46 

#. 

Tin-stone  (SnO^) 

•0000163 

16 

.,46 

ti 

Specular  iron    . 
magnetic  iron  ore     . 

•0000404 

13 

..  47 

t» 

•0000291 

17 

.,60 

.f 

Fluor-spar 

•0000623 

14 

,.  47 

f* 

Arragonite 

•0000647 

10 

n43 

»> 

Calc-epar. 

•0000176 

9 

..42 

.» 

Bittei^spar 

•0000362 

13 

..48 

f» 

Spathic  iron-ore 
Heavy  spar 

•0000360 

14 

..46 

n 

•0000681 

12 

,.  42 

.. 

Coelestine 

•0000608 

12 

..  46 

H 

Orthoclase 

•0000226 

13 

.,  99   . 

n 

Quarte     .... 

•0000403 

18 

„  100 

M 

Bayeuz  porceUun 

•0000108 

0 

H  860 

(DeTille  and 
)     Trooet 

w               m               •          • 

•0000108 

0 

„  1000 

n 
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The  cnbical  expansion  of  a  considerable  number  of  oystallisecl  oompoonda  has  al 
been  determined  by  Joule  and  Playfair  (CSiem.  Soc.  Qu.  J.  i.  121 ;  for  a  tal 
of  the  results,  see  also  Gmelin's  Handbook^  i.  234). 

From  the  determinations  given  at  the  beg^ming  of  this  table,  it  will  be  seen  th 
the  coefficients  of  expansion  of  solid  bodies  become  greater  as  the  temperatoro  rise 
but  that  the  coefficient  of  expansion  of  platinum,  which  at  the  temperatures  of  t\ 
experiments  is  Tery  far  from  the  point  at  which  fluion  or  softening  occurs,  increas 
much  less  than  the  coefficients  of  expansion  of  the  more  fbsible  metals,  copper  and  iro 
The  rule  Hxm  indicated  has  been  found  to  be  Terified  in  other  eases  also,  so  that  wi 
solids,  as  well  as  with  liquids,  the  coefficients  of  expansion  remain  sensibly  constant 
temperatures  fiuremoTed  from  those  at  which  j^ange  of  state  occurs,  and  yary  more  ai 
more  rapidly  as  these  latter  temperatures  are  approached. 

The  expansion  of  amorphous  solids,  and  of  uiose  which  oystallise  in  the  regul 
system  (dBTSTAixooBAPHT,  ii.  121 X  is  the  same  for  all  dimensions,  unless  when  th< 
are  subject  to  a  mechanical  strain  in  some  particular  direction.  A  fhigment  of  such 
substance  Taries  in  bulk  with  yariations  of  temperature,  but  retains  always  the  san 
shape. 

CnrstalB  not  belonging  to  the  regular  system  exhibit  when  heated  an  unequal  e 
pansion  in  the  direction  of  their  axes,  in  consequence  of  which  the  magnitude  of  the 
angles  becomes  altered  (Mitscherlich,  Pojgg.  Ann.  i  125;  x.  137).  In  crystals  b 
longine  to  the  trimetric  system,  the  expansion  is  different  in  the  direction  of  all  thr 
axes ;  in  arragonite,  on  raising  the  temperature  from  0^  to  100^,  the  inclination  of  t] 
lateral  faces  increases  by  2'  46",  and  that  of  the  tenninal  faces  diminishes  by  5'  29 
gypsum  is,  according  to  Fresnel  (BulL  des  8c.  Mathem.  1824,  100 ;  also  Fogg.  An 
ii  109),  more  expanded  by  heat  in  the  direction  of  the  principraJ  axis  than  in  that 
the  lateral  axes.  In  crystals  belonging  to  the  hexagonal  system,  the  expansion  is  H 
same  in  the  directions  of  the  three  secondaiy  axes ;  but  different  from  tiiat  acoordu 
to  the  principal  axis.  The  obtuse  angles  of  the  primitiTe  rhombohedron  of  calcsp 
diminum  by  8jf'  when  the  crystal  is  heated  100^,  and  the  acute  angles  increase  by  t 
same  quantity.  Hence  it  may  be  calculated  that  the  relative  expansion  of  the  princif 
axis  (comparod  with  that  of  the  secondary  axes)  amounts  to  0*00342 ;  moreoTer  8in< 
H'vording  to  MitscherHch  and  Bulon^,  the  cubical  expansion  of  calcspar  between  0^  ai 
100^  is  only  0*001961,  it  may  Ukewise  be  determined  that  calcspar,  when  thus  heatc 
does  not  expand  in  the  direction  of  the  secondaiy  axes,  but  contracts  by  0'00066.  aj 
that  the  absolute  expansion  of  the  principal  axis  may  be  estimated  at  0*00286.  In  bitt< 
Mpar,  the  obtuse  angle  of  the  primitive  rhombohedron  diminishes  when  the  temperate 
is  raised  from  O*'  to  100**  by  4'  6" ,  in  ferruginous  bitter-spar  by  8'  29" ;  in  iron-sp 
containing  a  considerable  quantity  of  manganese,  by  3'  31  ,  and  in  pure  iron-8p>ar 
2'  22".  Since  now,  among  all  these  minendiB,  calcspar  forms  the  least,  and  ferroginc 
bitter-spar  the  most  obtuse  rhombohedron,  it  follows  that  the  expansion  in  the  din 
tion  of  the  principal  axis  does  not  increase  in  the  same  proportion  as  the  relati 
length  of  the  axis  itself  diminishes  (Mitscherlich). 

The  following  direct  determinations  of  the  linear  expansion  of  several  cirstallis 
Bubstances,  between  0°  and  100^  made  by  Pfaff  (Jahresber.  1858,  7),  show  re 
distinctiy  the  inequality  in  the  amounts  of  eaqpansion  in  the  direction  of  the  diflfere 
axes. 

Linear  Expansion  of  Crystals  between  09  and  100^ 
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Nora. — A  rainui  sign  (  —  )  in  the  Ia«t  column  denotes  contraction,  instead  of  expansion. 

This  alteration  of  shape  caused  by  change  of  temperature  is  most  easily  renden 
evident  in  gypsum,  of  which  substance  tirin-crystals  often  occur,  having  pretty  near 
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the  Ibnn  ihown  infy,  637.  From  such  a  coystal,  a  portion  ab,  edu  eat,  so  that  the 
new  muhctB  are  perpendicular  to  the  surfi&oe  of  oombination,  m  n,  of  the  two  halyee  of 
the  erfftal,  and  the  face  a  bis  ground  and  polished.    At  the  temperature  of  the  atmo- 

Fiff.  637.  Fiff.  638. 


sphere,  this  surfkee  then  oonstitutefl  a  single,  nnbioken  plane ;  but  when  it  is  heated 
to  about  60^  or  80^  C,  the  shape  of  the  ciystal  alters  in  the  manner  shown  in^.  638, 
and  now  parallel  rays  of  light  falling  on  the  two  halves  from  a  distant  object  are 
reflected  in  different  directions,  so  that  two  distinct  images  of  the  object  may  be  seen 
simultaneouslj  by  reflection  from  the  surface  a  b. 

One  or  two  soud  bodies  are  known  which,  at  least  within  certain  limits  of  tempera- 
ture, form  exceptions  to  the  general  rule  of  expansion  by  heat,  and  contract  as  their 
temperature  is  raised.  For  example,  the  alloy  of  2  pts.  bismuth,  1  pt  tin,  and  1  pt. 
lead,  expands  when  heated  from  0^  to  44^  C. ;  when  still  further  heated,  it  contracts, 
so  that  at  66^  its  density  is  the  same  as  it  was  at  (P,  and  at  69^  still  greater ;  beyond 
this  temperature,  expansion  again  takes  place ;  at  87*6^  the  alloy  has  once  more  the 
same  density  as  at  0^,  and  at  94^,  at  which  it  fuses,  the  same  as  at  44^.  (E  r  m  an,  Fogg. 
Ann.  ix.  667.     For  the  not  quite  concordant  results  of  H.  Kopp,  see  below,  p.  78.) 

Again,  a  piece  of  Tulcanised  caoutchouc,  which  is  stretched  by  a  weight  to  double  its 
lengSh,  is  shortened  by  a  tenth  when  its  temperature  is  raised  60^  C,  and  the  shorten- 
ing effect  increases  rapidly  with  the  stzetching  weight  employed.  (Joule,  Froc.  Boy. 
Sue  viiL  366.) 

Relation  between  ike  Specific  HeaU  oflAauid  and  Solid  Bodies,  and  their  Coefficients  of 
Esepansion  at  different  temperatures. — ^It  has  been  pointed  out  abore  (p.  40),  that  the 
specific  heat  of  any  substance  includes,  not  only  the  portion  of  heat  required 
to  cause  in  it  a  giren  alteration  of  temperature,  but  also  tne  (quantity  of  heat  which 
is  expended  in  modifying  its  condition  of  molecular  equilibrium,  and  whose  most 
obTious  external  effect  is  an  alteration  of  the  volume  of  the  substance.  We  have  also 
seen  (p.  44),  that  although  no  certain  data  exist  for  calculating  the  ratio  of  these  two 
parts  of  the  total  specific  heat,  except  in  the  case  of  gases,  it  is  nevertheless  probable 
that  the  former  part,  or  the  real  specific  heat  of  a  substance,  remains  the  same  for  all 
conditions.  Hence  variations  in  the  total  or  apparent  specific  heat  must  be  supposed 
to  result  from  variations  in  the  amount  of  heat  expended  in  overcoming  the  molecular 
forces.  In  sensibly  perfect  gases,  the  consumption  of  heat  in  this  manner  is  the  same 
at  all  temperatures,  and  so  small  as  to  be  negligible ;  accordingly,  both  the  real  and 
apparent  specific  heats  of  gases  are  constant  at  ui  temperatures  (pp.  34  and  42).  On 
the  other  hand,  the  molecular  changes  which  accompany  alterations  of  temperature  in 
liquid  and  solid  bodies  are  such  as  require  the  expenditure  of  veiy  considerable  quan- 
tities of  heat  to  produce  them.  These  changes  doubtless  consist  in  alterations  of  the 
relative  position  or  airangement  of  the  molecules,  but  of  what  precise  kind  we  have  no 
means  of  ascertaining,  since  the  only  measurable  portion  of  the  total  effect  is  the 
externally  visible  change  of  volume. 

This  change  of  volume  cannot  be  taken  as  in  every  case  a  measure  of  the  amount  of 
molecular  work  performed  by  the  heat  independently  of  causing  alteration  of  tempera- 
ture ;  for,  as  we  have  seen  (p.  69),  the  communication  of  heat  to  water  below  4°  C. 
causes  a  chaoge  of  bulk  of  the  opposite  kind.to  that  which  it  occasions  abore  that  tem- 
perature; but  we  may  nevertheless  probably  admit  without  great  error  that,  as  a 
general  xiile,  the  proportion  of  the  total  quantity  of  heat  required  to  nuse  the  tempera- 
ture of  a  given  substance  1^,  which  is  consumed  in  prodlncinff  molecular  changes,  is 
greatest  at  those  points  of  the  thermometric  scale  at  which  uie  greatest  amount  of 
expansion  accompanies  a  rise  of  temperature  of  1^,  and  is  least  at  those  points  at 
which  the  corresponding  expansion  is  least.  If  this  supposition  be  admitted,  it  accmmts 
Mtisfactorily  for  the  fact  that  both  the  specific  heats  of  solid  and  liquid  bodies  and  their 
coeflicients  of  expansion  increase,  as  a  rule,  with  rise  of  temperature ;  and  that  both 
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th666  prop^TtieB  wty  most  rapidly  in  the  neig^boniliood  of  those  temperatnrf« 
which  chimges  of  the  state  of  aggregation  oocor  (Comp.  Verde t,  ErposS  de  la  T%1 
MicatUque  de  la  Chaleur,  Paris,  1863,  note  G,  pp.  183  et  aeq. ;  also  Begnanlt,  H« 
Acad.  I^ences,  xxvi.  285  etseq.)  On  the  relations  between  changes  of  rolnme  produ 
by  external  forces  and  the  corresponding  evolution  or  disappearance  of  heat,  see  beU 
Kelations  of  Heat  to  Mechanical  Energy. 

3.  Changes  of  State  of  Aggregation  produced  bg  Heat, 

Vasion  and  ftolidifloatf  on. — ^When  the  temperature  of  a  solid  body  is  rai 
oontinuoosly,  a  point  is  reached  sooner  or  later  at  which  it  melts,  or  exehas 
the  solid  for  the  liquid  form ;  and  when  a  liquid  is  cooled,  a  point  is  in  like  man 
attained  at  which  it  solidifies.  With  most  homogeneous  substemees,  the  passage  £r 
the  one  state  to  the  other  takes  place  suddenly  at  some  particular  temperature ;  tJ 
iee,  when  heated  from  a  lower  temperature  to  0^  C,  becomes  only  very  slightly  sol 
or  less  solid,  while  if  more  heat  still  is  imparted  to  it,  it  changes  at  once  into  perfe< 
Uquid  water.  This  temperature  forms  a  definite  limit  below  which  we  hare  solid 
aad  above  which  we  have  liquid  water,  and  it  is  therefore  called  the  melting  poim 
iee.  Some  substances,  however,  psss  when  heated  from  the  solid  to  the  liquid  st 
without  showing  any  definite  melting  point;  for  example,  gloss  and  iron  becc 
gradually  softer  and  softer  when  heated,  and  pass  by  imperceptible  stages  from 
solid  to  the  liquid  condition.  Such  substances  may  be  said  to  begin  to  melt  at 
lowest  temperature  at  which  perceptible  softening  occurs,  and  to  be  fully  melted  wl 
further  elevation  of  temperature  does  not  make  them  sensibly  more  fluid ;  but  no  | 
cise  temperatures  can  be  given  as  their  melting  points. 

Subject  to  the  qualifications  hereafter  stated,  the  following  general  laws  may 
taken  as  applicable  to  the  phenomena  of  fusion  and  solidification : — 

1*^.  The  state  of  aggregation  of  exerj  substance  is  always  the  same  at  the  sa 
temperature :  when  its  temperature  is  raised,  it  melts  at  a  certain  fixed  point,  or  pa«; 
from  the  solid  to  the  liquid  stat^  and  when  its  temperature  is  lowered,  it  solidifies, 
passes  from,  the  liquid  to  the  solid  state,  at  a  point  which  is  also  fixed,  and  is  the  sa 
as  its  melting-point  (For  substances  which  melt  gradually,  a  certain  fixed  inter 
must  be  substituted  for  a  fixed  point  of  temperature  m  the  enunciation  of  this  rale., 

2^.  The  communication  of  heat  to  a  solid  body  at  its  melting  point  causes  it  to  m 
but  does  not  raise  its  temperature ;  so  also  the  withdrawal  of  heat  from  a  liquid  at 
freezing  point  causes  it  to  solidify,  but  does  not  lower  its  temperature. 

3^.  As  a  general  rule,  a  sudden  change  of  volume  (usually  an  increase)  accompan 
the  passage  from  the  solid  to  the  liquid  state. 

We  wiU  proceed  to  consider  each  of  these  laws  and  the  exceptions  and  modificatit 
to  which  they  are  subject 

Melting  and  Freezing  Points. — ^Though  the  temperature  at  which  the  pas» 
frojn  the  solid  to  the  liquid  state  takes  place,  and  vice  versd,  is  constant  (under  1 
same  circumstances)  for  each  substance,  the  melting  and  freezing  points  of  diffen 
substances  vary  within  very  wide  limits.  Thus  sidphurous  anhydride  melts  at  ~  J 
(Mitchell,  Berzel.Jahresber.  xxii.  59),  mercury  at—  40°,  bromine  at  —  7*3®,  ice  at 
phosphorus  at  +  44°,  tin  at  236°,  silver  at  1000°,  platinum  at  2000°  (Deville  a 
be  bray).  (For  the  melting  points  of  particular  substances,  see  the  articles  in  t 
Dictionary  where  they  are  respeetiveljr  described.) 

These  differences  are  suflicient  to  justifr  the  conclusion  that  even  those  substani 
which  have  never  been  seen  to  melt,  would  do  so  at  a  sufficientlv  high  temperature,  a 
conversely  that  all  liquids,  even  such  as  have  never  yet  been  m>zen,  would  solidif) 
exposed  to  a  still  more  intense  degree  of  cold.  Indeed,  in  proportion  as  new  methods 
producing  extreme  temperatures  have  been  discovered,  the  number  of  infusible  sol 
and  non-solidifiable  liquids  has  gone  on  diminishing  continually.  The  only  subst^m 
which  can  be  considered  really  infusible  are  those  which,  when  heated,  undergo  chemii 
alteration  before  their  melting  point  is  reached.  The  most  inftisible  of  all  subst^inc 
which  are  chemically  inalterable  by  heat  is,  probably,  carbon  in  the  form  of  graphi 
and  even  this  body  was  found  by  Despretz  to  soften  when  exposed  to  the  heat  produc 
by  the  electric  current  generated  by  600  Bunsen's  cells  arranged  in  six  series  of  1( 
On  the  other  hand,  absolute  alcohol,  sulphide  of  carbon,  and  some  other  liquids  ha 
never  been  solidified,  but  at  the  temperature  produced  by  a  mixture  of  liquid  nitre 
oxide,  solid  carbonic  anhydride,  and  ether,  Despretz  found  that  absolute  alcohol  becai 

00  viscid  that  it  did  not  run  out  on  inverting  the  vensel  that  contained  it 

In  very  many  cases,  it  happens  that  a  mixture  of  two  or  more  substances  melts  a1 
lower  temperature  than  either  of  its  components  taken  sopawtely :  thus,  a  mixture 

1  part  chloride  of  sodium  with  2J  or  2f  parts  ice,  melts  at  about  —20*^;  mixtun»P 
fatty  acids  melt  at  lower  temperatures  than  the  pure  acids;  the  carbonates  of  potassii 
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'and  sodium  melt  more  easily  when  mixed  tlian  either  salt  does  alone ;  Rosens  ftisible 
alloy  of  2  parts  bismuth,  1  part  tin,  and  1  {)art  lead,  melts  between  96^  and  98^ ;  an 
alloy  of  1  or  2  parts  cadmium  with  2  parts  tin,  4  parts  lead,  and  7  or  8  parts  bismuth, 
melts  between  66®  and  71<*  (B.  Wood) ;  &c. 

In  homologous  series  of  analogous  orguiic  compounds^  the  melting  point  of  each 
term  usually  rises  with  its  atomic  weight 

Under  particular  circumstances  liquids  may  be  cooled  below  the  meltins  point  of  the 
oorrespondinff  solid  body,  without  solidifying.  This  occurs  espedalty  wen  they  are 
cooled  Tery  slowly,  and  are  at  the  same  time  protected  from  all  mechanical  disturbance. 
For  instance  water*at  perfect  rest,  and  under  a  pressure  somewhat  greater  than  that  of 
the  atmosphere,  may  be  coded  to  — 16^  without  freezing,  but  contact  with  a«solid  body 
or  the  slightest  agitation  is  then  usually  sufficient  to  cause  solidification  to  commence. 
The  smaUer  tiie  quantity  of  liquid  operated  upon,  the  lower  is  ^e  temperature  to 
which  it  can  be  cooled,  axKl  the  greater  the  mechani<»l  disturbance  which  it  will  support 
without  freezing.  Thus,  Four  net  (Ann.  Ch.  Phys.  [31  xlvi.  203)  has  remarked  the 
frequent  occurrence  of  mists  formed  by  particles  of  liquid  water  suspended  in  an  atmo- 
sphere of  which  the  temperature  was  10, 12,  or  eren  15  degrees  below  zero;  and  Sorby 
found  that  in  ghiss  tubes  of  0*1  millimetre  in  diameter,  water  could  be  maintained  in 
the  liquid  state  as  low  as  —17**. 

Some  remarkable  phenomena  of  this  kind  have  been  also  obserred  by  Dufouf 
(Ann.  Ch.  Fhys.  [3]  IxviiL  370)  in  the  case  of  liquids  cooled  without  contact  with  any 
solid  body.  His  method  of  experimenting  was  to  suspend  globules  of  the  liquid  under 
examination  in  some  other  liquid  of  the  same  specific  grayity,  but  of  lower  freezing  point, 
and  in  which  it  was  insoluble.  Water  was  examin^  whUe  suspended  in  a  mixture- of 
chloroform  and  sweet  oU  of  almonds ;  sulphur  and  phosphorus,  in  an  aqueous  solution  of 
chloride  of  zinc ;  and  naphthalene,  in  water.  In  the  experiments  with  water,  the  spheres 
of  this  liquid  which  floated  in  the  mixture  of  chlorofirain  and  oil  were  Tery  rarely  seen 
to  freeze  at  0^;  in  general,  solidification  occurred  between  —  4°  and  — 12^,  the  smallest 
globules,  as  a  role,  remaining  liquid  to  a  lower  temperature  than  the  larger  ones,  some 
of  them  having  been  repeatedly  seen  still  liquid  at  — 18^  or  —  20^.  Agitation  and  the 
contact  of  solid  bodies  appears  to  have  mudi  less  effect  in  causing  the  solidification  of 
liquids  cooled  in  this  way  than  when  they  are  cooled  to  the  same  extent  in  glass  vessels. 
For  instance,  Dufour  found  that  the  globules  of  water  in  his  experiments  often  did  not 
solidify  when  displaced  or  violently  deformed  by  a  glass  rod,  and  even  that  cnrstals  of 
chloride  of  sodium,  sulphate  or  nitrate  of  potassium,  sugar,  &c.,  would  sometimes  fall 
through  a  globule  of  water  5  millimetres  in  mameter,  and  cooled  to  at  least  —  S*',  without 
producing  any  effect  Contact  with  a  fragment  of  ice,  however,  invariably  caused 
immediate  congelation. 

By  operating  as  above  described,  Dufour  obtained  globules  of  sulphur  (melting 
point  116^)  of  6  millimetres  diameter  still  liquid  at  40^,  and  globules  of  0*6  millimetre 
diameter  remained  liquid  for  several  days  at  6**  or  10®.  Globules  of  phosphorus  of 
considerable  size  were  cooled  to  20®,  and  globules  of  1  or  2  millimetres  mameter  to  O*' 
without  solidifying.  Globules  of  naphthalene  (melting  point  79®)  were  obtained  sUll 
Equid  at  40®. 

When  a  liquid  solidifies  after  having  been  thus  cooled  below  its  normal  f^reezing 
point,  the  solidification  takes  place  very  rapidly,  and  is  accompanied  by  a  disengage- 
ment of  heat  often  sufficient  to  raise  its  temperature  from  the  point  at  which  solidifi- 
cation begins  up  to  its  ordinaiy  freezing  point  This  is  well  seen  with  cnrstallised 
hyposulphite  of  sodium  (S*Na*0*,  6H*0),  which  melts  in  its  water  of  ciystalhsation  at 
46®,  but  when  carefiilly  cooled  will  remain  liquid  for  a  long  time  at  the  temperature  of 
the  atmosphere.  If  it  be  then  caused  to  solidify,  by  agitation,  or  by  throwing  in  a 
small  fragment  of  the  solid  salt,  the  resulting  t\biq  of  temperature  is  such  as  to  be 
distinctly  felt  by  the  hand. 

This  phenomenon  of  continued  liquidity,  though  seldom  observed  in  so  marked  a 
degree  as  in  the  cases  above  mentioned,  occurs  so  frequently  to  a  less  extent,  that, 
when  the  temperature  of  transition  from  the  solid  to  the  liquid  state  or  vice  versA  is  to 
be  used  as  a  mark  of  the  chemical  identity  of  a  substance,  it  is  much  safer  to  deter- 
mine the  melting  point  than  the  freezing  point,  for  the  former  temperature  is  not  subject 
to  variations  of  the  same  kind. 

The  following  method  is  convenient  for  taking  the  melting  points  of  substances  in 
chemical  investigations.  Three  or  four  glass  tubes  are  drawn  out  till  their  sides 
become  very  thin  and  their  bore  nearly  capillary,  and  into  each  is  introduced  a  small 
quantity  of  the  substance  to  be  examined.  They  are  then  sealed  at  the  bottom  and 
placed  in  a  beaker-glass  containing  water  (or,  if  the  substance  melta  above  100®, 
paraffin  or  sulphuric  acid),  and  standing  upon  a  small  sand-bath  bv  means  of  which  its 
temperature  can  be  slowly  raised.  The  liquid  is  heated  until  tJ^e  substance  melts ; 
then  adk>wed  to  cool  slowly  to  the  point  of  solidification ;  it  is  then  again  warmed,  and 
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these  operations  are  repeated,  the  temperatures  of  liquefiustion  and  solidification  being 
ncted  each  time,  untu  several  closely  concordant  observations  of  each  have  been 
obtained,  the  means  of  which  are  the  melting  and  solidifying  points  required. 

Infiuence  of  Pressure  upon  Melting  Points. — The  variations  which  occur  in  the  pp»- 
sure  of  the  atmosphere  are  without  perceptible  effect  in  altering  the  melting  points  of 
solids  or  freezing  points  of  liquids,  but  greater  differences  of  pressure  are  found  to 
produce  a  veiy  sensible  effect  This  was  first  observed  by  Prof.  W.  Thomson,  who 
found  that  pressures  of  8*1  and  16*8  atmospheres  caused  a  lowering  of  the  mating 
point  of  ice  to  the  extent  of  0059°  and  0*1 29^^  respectively.  These  results,  therefore, 
verified  the  previous  theoretical  conclusions  of  Pro£  J.Thomson,  according  to  which  an 
inci^ase  of  pressure  amounting  to  n  atmospheres  must  lower  the  melting-point  of  ice 
by  f*  =  n.00075°— a  formula  which  gives  0*061°  and  0126°  as  the  difference*  of 
melting  point  corresponding  to  8*1  and  16*8  atmospheres  pressure.  By  a  still  greater 
pressure,  Mousson  (Ann.  Ch.  Phys.  [31  Ivi.  252)  succeeded  in  maintaimng  water  in  tiie 
liquid  state  at  5  deg;ree8  below  zero,  and  by  a  pressure  estimated  at  13,000  atmospheres 
he  caused  ice  to  mdt  at  — 18°.  Analoffous  effects  have  been  observed  with  other  sab> 
stances  by  Bunsen  (Jahresber.  uber  Onemie,  u.  s.  w.,  1850,  48)  and  Hopkins  {ibid, 
1854,  48).  Their  results  are  ^ven  in  the  following  table.  Bunsen  considers  that  the 
observations  of  temperature  m  his  experiments  were  correct  within  0*1^,  but  that 
there  may  be  an  error  of  one  or  two  atmospheres  in  the  estimation  of  the  pressures. 

Freezing  and  Melting  Points  under  increased  Pressure^ 


Obserrer. 

Hopkins. 

Bunsen. 

Name  of 
SubsUoce. 

Sperma- 
ceti. 

Wax. 

Sulphur. 

Stearin. 

Spermaceti. 

Paraffin. 

Pressure  in 
Atmo- 
spheres. 

1 
520 
793 

611° 

600 

80*2 

MeUing 

64-7° 

74-7 

80-2 

point. 

107-2° 

135-2 

140-5 

67*2° 

68-3 

73*8 

Pressure  In 
Atrao. 
spheres. 

1 

29 

96 
141 
156 

Freesing 
point. 

47.70 

48*3 

49*7 

50*5 

50*9 

Pressure  in 

Atmo. 
spheres. 

1 

85 

100 

Freexinjt 
point. 

46-30 

48-9 

49-9 

Latent  Heat  of  Fluidity.— It  has  been  pointed  out  already  (p.  73)  that  the 
specific  heats  of  solid  bodies  increase  as  they  approach  their  melting  points,  and  this 
&ct  has  been  connected  with  the  increase  of  the  coefficient  of  expansion  which 
generally  occurs  simultaneously.  In  order  to  raise  the  temperature  of  a  solid  body 
1  degree  in  the  neighbourhood  of  its  melting  point,  more  heat  is  needed  than  would 
suffice  to  cause  an  equal  rise  of  temperature  at  a  lower  part  of  the  thermometric  scale ; 
in  other  words,  of  a  given  quantity  of  heat  imparted  to  a  body  near  its  melting  pointy 
a  larger  proportion  goes  to  produce  molecular  modifications  (expansion,  softening,  8tc.\ 
and  a  smaller  proportion  to  produce  rise  of  temperature,  than  is  the  case  at  a  lower 
part  of  the  scale.  From  this  point  of  view,  it  becomes  quite  conceivable  that,  at  some 
particular  temperature^  depenaing  on  the  nature  of  the  substance  under  consideration, 
the  whole  quantity  of  heat  communicated  to  a  body  might  be  expended  in  causing 
molecular  changes  (change  of  the  state  of  aggregation,  with  or  without  change  of 
volume,  &C.),  so  that  its  effect  in  producing  a  rise  of  temperature  would  be  imper- 
ce^ible.    This  is  exactly  what  takes  place  during  the  mellins  of  solid  bodies. 

From  these  considerations  we  see  that  the  phenomenon  indicated  in  the  second  law 
of  the  passage  from  the  solid  to  the  liquid  state  of  aggregation  (p.  74),  is  one  which 
attains  its  maximum  degree  of  development  at  the  point  of  actual  liquefaction,  but  is 
the  same  in  kind  as  what  occurs  at  lower  temperatures.  We  see  also  that  the  fusion 
of  glass  and  other  bodies  which  have  no  definite  melting  point,  but  in  which  liquefac- 
tion occurs  gradually  and  extends  over  a  greater  or  less  interval  of  temperature,  does 
not  differ  in  any  essential  respect  firom  the  sudden  melting  of  ice  at  the  fixed  tempera- 
ture of  0°  C.  In  the  case  of  glass,  a  certain  small  proportion  of  the  total  quantity  of 
heat  imparted  to  it  during  its  Uque&ction,  is  expended  in  causing  elevation  of  tempera- 
ture; in  the  case  of  ice,  this  proportion  is  so  small  as  to  be  imperceptible  in  comparison 
with  that  which  goes  to  cause  liquefaction. 

It  was  formerly  supposed  that  the  temperature  of  a  body  was  always  proportional  to 
the  beat  contained  in  it,  and  therefore  that  heat  could  not  be  communicated  to  a  body 
without  raising  its  temperature.  The  cessation  of  the  rise  of  temperature  during  the 
fusion  of  solids  was  firat  observed  by  Black,  while  Professor  of  Chemistry  in  the 
University  of  Glasgow.     He  ascertained  that,  during  this  process,  a  considerable  quan- 
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tity  of  beat,  different  for  different  substances,  disappears  so  far  as  the  production  of 
thtirmoroetric  effects  is  concerned — or,  as  he  expressed  it,  becomes  latent^and  that  an 
equal  quantity  of  beat  appears  during  solidification.  According  to  modem  yiews,  the 
expression  latent  (or  hidden)  heat  is  not  strictly  correct,  for  the  effect  of  heat  imparted 
to  ice  at  the  melting  point  is  just  as  risible,  though  not  the  same,  as  that  which  it  pro- 
duces at  other  temperatures.  Nerertheless,  the  ezm^ssion  is  convenient  from  the  fact 
of  its  being  uniTersally  rect^gnised  and  employed.  The  latent  heat  of  fluidity  is, 
then,  the  (quantity  of  heat  which  must  be  imparted  to  one  gramme  of  a  solid  at  its 
melting  point  in  order  to  melt  it  without  raisins  its  temperature,  or  which  must  be 
withdnwn  from  a  liquid  at  its  freesing  point,  in  order  to  render  it  solid  without  lowering 
its  temperature. 

The  following  table  gires  the  melting  points  and  latent  heats  of  fluidity,  expressed 
in  ordinary  heat-unita  (gramme-degrees),  of  Tarious  substances,  according  to  the 
determinations  of  Person  (Ann.  Ch.  Phya.  [3]  xxvii.  260): — 

Latent  HtaU  of  Fluidity. 


8««»«. 

MelUiif 
Point. 

Lftteot 
Heat 

Meliinf 
Point 

Lnteot 
Heat. 

Mercury 
Phosphorus 
Lead      . 
Sulphur . 
Iodine    . 
Bismuth 
Cadmium 

-390 
44 

332 
116 
107 
270 
320 

2-82 

6-0 

6-4 

9-4 

11-7 

12-6 

13-6 

Tin         .        .        . 
SUver     .        . 
Zinc 

Chbride  of  calcium) 

(CaCL3HK))     J 

Nitrate  of  potassium 

Nitrate  of  sodium  . 

2360 
1000 
433 

28-6 

339 
310-6 

14-26 

211 

281 

40-7 

47-4 
630 

The  latent  heat  of  water  was  found  by  Begnault  and  by  Provostaye  and  Desains  to 
be  79^  C.  According  to  Person,  this  number  denotes  the  quantity  of  heat  required  to 
oonrert  ioe  at  0^  C.  into  water,  but  not  the  total  quanti^  of  the  latent  hf^t  in  the 
water,  inasmuch  as  a  certain  additional  portion  of  heat  is  rendered  latent  as  the  tem- 
perature of  the  ice  rises  from  -  2^  to  0^  (Ann.  Ch.  Phys.  [3]  xxx.  73).  In  six  experi- 
ments on  the  fusion  of  ice  preriously  cooled  to  between  —2^  and  —21^  C,  the  latent 
heat  was  found  to  rary  between  79*9^  and  80*  1  ^,  the  mean  quantity  being  80^.  Regnault 
alxo  found  greater  Values  for  the  latent  heat  of  water,  as  the  ice  had  been  co<3ed  to 
a  lower  temperature.  According  to  Hess,  the  true  latent  heat  of  water  is  80*34^  C. 
It  has  been  proved  br  E.  Desains  (Ann.  Ch.  Phys.  [3]  Ixiv.  419)  that  when  water  is 
cooled  below  0^  without  freecing,  the  quantity  of  heat  needed,  in  order  to  raise  the 
temperature  of  a  given  weight  from  kP  below  zero  to  fi  above  zero,  is  the  same  whether 
the  water  remains  liquid  ul  the  time,  or  whether  it  first  freezes  and  afterwards  melts 
again. 

It  is  interesting  to  compare  these  values  of  the  latent  beat  of  water  with  those  found 
by  Black  in  1762  (Lectures  on  tJke  EUmente  of  Chemistry,  2  vols.  4to.  Edinbui^h, 
1803 :  voL  i.  pp.  120-127).  In  one  experiment,  this  philosopher  measured  the  time 
required  for  the  conversion  of  a  known  quantity  of  ice  at  82^  F.  into  water  at  40°  F.  in 
a  room  of  which  the  temperature  remained  constantly  at  47°  F.,  and  compared  it  with 
the  time  during  which  the  temperature  of  an  equal  weight  of  water  rose  under  similar 
cireumstances,  horn.  33°  F.  to  40°  F.  He  thus  obtained  for  the  latent  heat  of  water 
the  number  139°  F.,  equal  to  77'2°  C.  In  another  experiment,  he  melted  119  parts  of 
ice  at  32°  F.  by  immersing  it  in  136  parts  of  water  at  190°  F.,  and  so  obtained  254 
parts  of  water  at  63°  P.  Hence,  taking  into  account  the  different  specific  heats  of  the 
water  and  of  the  glass  in  which  it  was  contained,  he  deduced  the  number  143°  F., 
equal  to  79*44°  C. 

The  method  adopted  by  Black  in  the  second  of  these  experiments  is  essentially  the 
same  as  that  still  employed  ibr  the  determination  of  latent  heats  of  fluidity.  A  known 
weight  of  the  substance  to  be  examined  is  heated  to  a  known  temperature,  and  then 
immersed  in  the  water  (or  other  liquid)  of  a  calorimeter,  the  temperature  of  which  is 
such  as  to  cause  the  substance  to  melt  if  solid,  or,  if  liquid,  to  solidify ;  and  when 
uniformity  of  temperature  is  established  in  the  calorimeter,  this  temperature  \a  deter- 
mined. The  experiment  is  therefore  quite  similar  to  the  determination  of  the  specific 
heat  of  a  substance  by  the  method  of  mixtures ;  the  same  apparatus  may  be  used  and  the 
same  precautions  require  to  be  taken  in  the  two  cases  (see  pp.  26-29). 

In  such  an  experiment  let 
^  be  the  weieht  of  water  in  the  calorimeter,  the  water-equivalents  of  the  calori- 
meter and  thermometer  supposed  included ; 
Wf  the  weight  of  substance  operated  upon ; 
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t,  the  initial  temperatnre  of  the  calorimeter ; 

6,  the  final  temperature  of  the  calnriiheter  ; 

T,  the  initial  temperature  of  the  substance ; 

C  its  melting  (or  freezing)  point ; 

Cf  the  specific  heat  of  the  substance  in  the  solid  state  between  the  temperato 
C  and  0; 

c,  its  specific  heat  in  the  liquid  state  between  the  temperatures  T  and  C ;  and 

L  its  latent  heat  of  fiuidity. 
Suppose  that  the  experiment  is  made  upon  a  melted  substance  which  gives  out  heat  to 

calorimeter  and  solidifies  in  it:  then  it  is  plain  that  the  quantity  S  heat  A(6^ty 
abeorbed  b^  the  calorimeter  is  made  up  of  three  parts — ^first,  the  heat  lost  by  the 
vabstance  m  cooling  from  its  original  temperature  to  its  frec^g  point ;  secondly, 
th''  heat  given  out  by  it  during  solidification ;  thirdly,  the  heat  which  it  loses  irhile 
cooling  from  its  freezing  point  to  the  final  temperature  of  the  calorimeter.  That  is^ 
.1  («-<)«  r[<?(r-C)  +  L  +  ^(C-e)]; 

whence  L  «  ^(e-O-c(r-r)-C(C-tf). 

The  manner  in  which  this  formula  will  require  to  be  modified,  in  order  that  it  maj 
apply  to  the  case  of  a  solid  substance  which  is  melted  in  the  caloinmetGr  by  absorbuog 
heat  from  it,  need  not  be  specially  pointed  out. 

(Changes  of  Volume  accompanying  Fusion  and  Solidification, — The 
accelerated  rate  of  expansion  exhibited  by  most  solids  as  they  approach  their 
melting  points,  is  in  most  cases  followed  by  a  further  expansion  during  the  actual 
process  of  liquefaction,  so  that  the  melted  substance  occupies  a  greater  b^  than  the 
solid  of  the  same  temperature  from  which  it  is  formed.  This  phenomenon  has  been 
particularly  studied  by  Kopp  (Ann.  Ch.  Pharm.  xdiL  129),  whose  principal  results  are 
as  follows : 

Phosphorus  (the  yellow  modification  of  specie  gravity  1*826  at  10^),  expands 
uniformly  up  to  its  melting  point  (44®),  at  which  temperature  its  volume  is  1*017  of 
what  it  was  at  0® ;  when  melted,  its  volume  at  the  same  temperature  is  1*052  of  the 
volume  at  0®.  Hence  100  vols.  soUd  phosphorus  at  44®  become  103*4  vols,  liquid 
phosphorus  at  the  same  temperature. 

Sulphur  (native  crystals,  specific  gravity  2*069)  expands  irregularly  near  its  melting 
point  (115®).  Its  volume  being  1  at  0°  is  1010  at  50°;  1-037  at  100°;  1*096  at 
115° ;  at  the  moment  of  fusion,  the  expansion  amounts  to  5  per  cent.,  the  volume  then 
increasing  to  1*150. 

Wax  (bleached  bees*-wax,  specific  gravity  0*976  at  10°)  expands  very  rapidly  as  it 
approaches  its  melting  point  (64°),  but  only  0*4  per  cent,  more  at  the  moment  of  fusion. 
If  the  volume  atO°is  1,  the  volume  at  bO°  is  1*068;  at  60°,  is  1*128  ;  at  64°,  is  1*161, 
and  increases  by  fusion  to  1*166. 

Stearic  acid  (pure,  specific  gravity  nearly  1*0  at  10°)  expands  less  than  wax  before 
melting,  but  then  expands  as  much  as  11*0  per  cent  The  volume  at  0°  being  1,  it  is 
1  038  at  60° ;  1*064  at  60° ;  and  1*079  at  70°  at  which  1 


rolimie  increasing  to  1*198. 


L  temperature  the  acid  melts,  its 


Rosd 8  fusible  metal  (2  pts.  bismuth,  1  pt.  tin,  and  ]  pt  lead ;  specific  gravity  8*906  at 
10°)  expands,  when  heated  from  0°  to  59°,  in  the  ratio  of  1  to  1*0027 ;  but  contracts  when 
further  heated,  its  volume  at  82°  being  equal  to  that  at  0°,  and  at  95°  equal  to  0*9947 ; 
in  melting,  between  95°  and  98°,  it  expands  by  1*55  per  cent.,  so  that  at  98°  its  volume 
is  equal  to  1*0101.     This  alloy,  therefore,  contracts  from  59°  up  to  its  melting  point 

Water  presents  a  remarkable  exception  to  the  general  rule,  and  expands  at  the  mo- 
ment of  fusion,  or  contracts  on  melting  by  about  10  per  cent.  One  volume  of  ice  at  0° 
gives  0*918  volume  of  water  at  the  same  temperature,  or  1  volimie  of  water  at  0°  gives 
1*102  volume  of  ice.  Dufour  found,  as  the  mean  of  24  experiments,  the  density  of 
ice  at  0°  equal  0'9175,  that  of  water  at  the  same  temperature  being  1.  Brunner 
found  for  the  density  of  ice  the  number  0*918. 

Solid  hydrated  salts,  on  the  contrary,  expand  at  the  moment  of  fusion,  e.g, 
chloride  of  calcium  (CaCl*.6H*0),  by  9*6  per  cent. ;  ordinary  phosphate  of  sodium 
(PNa«H0M2H«0)  and  hyposulphite  of  sodium  (S«Na«0».5H^0)  each  by  6*1  per  cent 

The  expansion  which  takes  place  in  water  at  the  moment  of  solidification  affords  an 
explanation  of  several  important  phenomena.  In  the  first  place,  it  enables  Us  to  imder- 
stand  why  increase  of  pressure  should  retard  the  freezing  of  water,  instead  of  faci- 
litating it,  as  it  does  that  of  most  other  liquids.  Since  the  tendency  of  both  heat  and 
pressure  is  to  diminish  the  bulk  of  water  at  0°,  and  therefore  to  oppose  the  change  of 
volume  that  occurs  on  freezing,  it  is  easily  conceivable  that  the  one  influence  may  (at 
least  within  certain  limits)  replace  the  other,  and  that  a  strong  pressure  applied  to 
water  at  or  below  0*  may  as  effectually  prevent  its  solidification,  as  the  communication 


Digitized  by 


Google 


FUSION  AND  SOLIDIFICATION.  79 

of  heat  which  would  raise  its  temperature  abo?e  the  freezing  poiqt.  In  the  case  of 
nabtfiances  whose  Tolnme  in  the  soUd  state  is  less  than  their  volotoe  in  the  liquid  st^te, 
pressare  acts  in  the  opposite  sense  to  heat,  and  therefore  retards  liquefaction  and  pro- 
motes solidification. 

This  same  phenomenon  is  the  cause  of  the  powerful  mechanical  effects  which  occur 
wheu  water  freeses  in  a  confined  space.  The  bursting  of  water-pipes,  and  the  brealdng 
of  jngs  oontaininff  water,  durins  frosty  weather,  are  among  the  most  ^miliar  of  the«e 
effects ;  and  to  thcfle  may  be  added  the  splitting  of  rocks  by  the  freezing  of  water  in 
their  fissures  and  the  swelling  up  of  moist  ground  durinz  frost 

The  force  with  which  water  expands  when  cooled,  and  at  the  moment  of  becoming 
ice,  is  strOduj^y  illustrated  in  the  experiments  made  by  Major  Williams,  at  Quebea 
Haring  filled  a  13-ineh  iron  bomb-shell  with  water,  he  dosed  the  hole  left  for  intro- 
ducing the  fusee  by  driving  firmly  in  an  iron  plug  weighing  nearly  31bs.,  and  exposed 
it  in  this  state  to  the  frost  After  some  time,  the  iron  plug  was  forced  out  with 
a  loud  explosion  and  thrown  to  a  distance  of  416  feet,  ana  a  cylinder  of  ice,  8 
inches  long,  issued  from  the  opening.  In  another  experiment,  the  shell  burst  before 
the  plug  was  driyen  out,  and  in  this  casQ  a  sheet  of  ice  spread  out  all  round  by  the 
crack.  If  we  take  into  consideration  the  experiments  of  W.  Thomson  and  Monsson 
already  recorded  (p.  75),  it  seems  probable  that  some  of  the  water  must  haye  re- 
mained Uquid  in  these  experiments,  up  to  the  moment  when  the  resistance  was  over- 
come ;  that  it  then  issued  from  the  shell  in  the  liquid  state,  but  at  a  temperature  below 
0^,  and  therefore  instantly  began  to  solidify  when  the  pressure  was  removed,  and  so 
retained  the  shape  of  the  orifice  whence  it  issued. 
Bismuth,  cast  iron  and  antimony  expand  like  water  on  becoming  solid. 
Solution  of  Solid  Bodies  in  Water. — Very  many  solid  substances  are  capable 
of  dissolving  in  water,  and  thus  forming  with  it  a  uniform  mixed  liquid.  As  a  general 
rule,  the  solvent  power  of  water  increases  with  its  temperature,  but  this  is  not  nni- 
rersaUy  the  case ;  for  exampl^  chloride  of  sodium  has  very  nearly  the  same  solubility 
in  cold  water  that  it  has  in  boiling  water ;  lime-water  saturated  at  0^,  contains  nearly 
twice  as  much  lime  as  can  be  dissolved  by  the  same  quantity  of  water  at  100^.  Several 
other  calcium-compounds  exhibit  similar  properties ;  thus  the  sulphate  is  more  soluble 
in  cold  than  in  bouing  water,  and  becomes  quite  insoluble  in  water  between  140^  and 
150^  (Coust6,  Ann.  des  Mines,  [6]  v.  143).  Sulphate  of  sodium  is  more  soluble  in  water 
at  33^  than  at  other  temperatures,  higher  or  lower,  and  has  about  the  same  solubility 
at  0^  that  it  has  at  100°.  From  the  exjoeriments  of  Sullivan  (H^p.  Brit.  Afisociation, 
1859,  p.  292)  it  appears  that  the  solubility  of  vei^  many  salts  attains  a  maximum  at 
some  particidar  temperature,  above  which  it  diminishes.  Hence,  perhaps,  the  reason 
why  the  solubility  of  most  solids  is  commonly  supposed  to  increase  continuously  as 
the  temperature  nses,  is  that  it  has  been  determined  only  at  temperatures  below  IOC, 
and  that  the  points  of  maximum  solubility  for  most  substances  he  higher.  If  this  be 
so,  the  solubUity  of  sulphate  of  sodium, — and  of  the  few  other  salts  (seleoate  of  sodium, 
sulphate  of  ironj  in  which  similar  properties  have  been  observed, — is  only  in  so  far 
anomalousi,  that  its  temperature  of  maximum  solubility  is  lower  than  that  of  most  other 
substances.  Water  which  is  saturated  at  a  g^iven  temperature  with  one  substance  can 
usually  dissolve  an  additional  quantity  of  another. 

The  liquefaction  of  solid  bodies  by  solution  in  liquids,  obeys  essentially  the  same  laws 
as  their  liquefaction  by  the  direct  application  of  heat  It  is  fiicilitated  or  retarded  in 
the  same  way  by  great  variations  of  pressure,  and  is  attended  by  the  absorption  of  a 
certain  quantity  of  heat,  which  is  evolved  again  when  the  dissolved  substance  separates 
from  solution  in  the  solid  form;  usually  ^so  the  volume  of  the  solution  differs  from 
the  combined  volumes  of  solid  substance  and  water  at  the  same  temperature ;  and, 
lastly,  solutions  present  the  phenomenon  of  supersaturation,  analogous  to  that  of  the 
defend  solidification  of  liquids. 

As  might  be  expected  from  the  analogy  with  the  liquefaction  of  solid  bodies  in 
general,  increased  pressure  favours  solution  in  cases  where,  as  is  usual,  the  volume  of  the 
water  and  dissolved  substance  is  less  after  solution  than  the  volume  of  the  water  and 
substance  when  separate ;  and  diminishes  the  solubility  of  substances  whose  volume 
when  dissolved  is  greater  than  their  volume  in  the  solid  state,  together  with  that  of  the 
water.  (Comp.  Sorby,  Proc.  Boy.  Soc  xiL  538,  also,  Moller,  Jahresber.  1862, 
pp.  11-13.) 

The  absorption  of  heat  which  occurs  during  solution  is  taken  advantage  of  by  the 
chemist  for  tne  artificial  production  of  low  temperatures.  The  table  on  the  next  page 
gives  a  few  of  the  most  frequently  usefhl  freezing  mixtures,  with  the  reduction  of 
temperature  which  can  be  produced  by  means  of  each.  In  order  to  obtain  the  ^atest 
possible  effect  by  the  use  of  any  of  these  mixtures,  it  is  necessary  to  use  a  considerable 
quanti^  of  the  materials  (2  or  3  pounds  at  least);  otherwise  the  whole  heat  required  for 
the  Uqnefiiction  is'  furnished  by  the  containing  ve&^el,  and  the  whole  of  the  mixture 
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beoomea  liquid  before  its  temperature  has  been  much  reduced.  It  is  also  of  importns 
that  the  materials  alould  be  mixed  as  intimately  as  possible.  Other  mate  Dowwfal 
freedng  mixtures,  depending  on  the  emjdojment  of  condensed  gases,  will  be  deae 
hereafter. 

TatbU  of  Freezing  Mixtures. 


logredlenu  of  the  Mixture. 


AWater 

I  Nitrate  of  ammonium 

!  Water 
Nitrate  of  potassium 
Chloride  of  ammonium     • 
!  Water 
Nitrate  of  ammonium 
Carbonate  of  sodium 
iSnow,  or  pounded  ice 
Chloride  of  sodium  . 
Snow,  or  poxmded  ice 
CiystaUised  chloride  of  calcium 
ICijBtallised  sulphate  of  sodium 
Hydrochloric  add    . 


Fkrtsbf 
Weight 


1 

1 
16 
5 
5 
1 
1 
1 
6 
2 
1 
2 
8 
5 


Temperature 
produced,  itart- 
log  from  lOP. 


I      -160 
I     -120 

I      -190 


-200 


20O 
290 

30<» 


From  a  table  already  given  (p.  60),  it  will  be  seen  that  water  containing  saline 
substances  in  solution  nreeses  at  a  lower  temperature  than  pare  water,  and  that  the 
depression  of  the  freezing  point  increases  with  the  quantity  of  subst^ince  in  solutum. 
This  latter  point  is  provea  still  more  distinctly  by  the  more  recent  experiments  of 
Rudorff  (Phil.  Mag.  [4]  zxii  552),  from  which  it  appears  that  the  depression  is  rtrj 
nearly  in  exact  proportion  to  the  quantity  of  salt  dissolved.  The  ice  which  fonns  troei 
a  dilute  solution  of  a  salt  yields  nearly  pure  water  when  melted. 

When  a  saturated  solution  is  cooled,  the  excess  of  dissolved  substance,  beyond  that 
which  saturates  the  liquid  at  the  lower  temperature,  generally  separates  out  in  the 
crystalline  form  i  sometimes,  however,  especiaily  if  the  solution  is  cooled  slowly  and  is 
kept  at  perfect  rest,  a  condition  of  unstable  equilibrium  may  arise,  like  that  of  liquids 
cooled  Mow  their  ordinary  fr-eezing  points  without  solidifying^  in  whidi  a  greats* 
qtianlity  of  substance  is  retidned  in  solution  than  the  liquid  would  be  capable  of 
dissolving  if  it  were  put  in  contact  with  it  in  the  solid  form.  In  this  state,  solntiosi 
are  said  to  be  supersaturated;  and  the  same  causes  are  in  general  sufficient  to 
cause  the  separation  of  the  excess  of  dissolved  subsUmce,  as  cause  the  solidificatkw  df 
over-cooled  liquida 

If  an  aqueous  solution  of  a  salt  is  boiled  in  a  flask  of  which  the  neck  is  drawn  out  to 
a  fine  pomt,  and  if  the  point  is  then  hermetically  sealed  when  all  the  air  has  beeo 
expelled,  the  solution  very  frequently  remains  supersaturated  when  cold;  but  oq 
breaking  the  point,  so  as  to  readmit  the  air,  even  if  this  is  done  without  ■hAlrTwg  the 
solution  in  the  least,  or  allowing  the  smaUest  fragment  of  glass  to  fall  into  it,  dystalli- 
sation  in  most  cases  begins.  I^  however,  the  air  that  enters  the  flask  has  beeo 
previously  passed  through  a  red-hot  tube,  or  even  if  it  has  been  merely  filtered  thxou^ 
a  column  of  cottonwool,  crystallisation  does  not  take  place  (comp.  Loewel,  Jahresber. 
1852,  p.  359;  Schroder,  Ann.  Ch.  Pharm.  cix.  45;  also  particularly  Qmelin's  ^Toiii- 
bookf  1.  9-11).  The  most  probable  explanation  of  this  diiferenoe  is  that  the  soGd 
particles  of  soluble  matter  contained  in  the  unhealed  or  unfiltered  air,  disturb  tiie 
molecular  equilibrium  of  the  solution  by  dissolving  in  it,  and  so  cause  crystallisatioa 
to  begin.  This  explanation  is  confirmed  by  the  fiict  that  a  supersaturated  solutiQa 
frequently  does  not  crystallise  if  stirred  with  a  glass  rod  or  platinum  wire  which  has 
been  recenUy  heated  to  redness,  but  crystalUses  instantly  if  touched  with  a  rod  that 
has  lain  long  exposed  to  the  air. 

By  cooling  supersaturated  solutions  below  0^,  they  may  be  brought  into  such  a  con- 
dition, that  either  ice  or  the  dissolved  salt  will  crystaUise  out  according  to  circumstanoea 
Thus  Rudorff  found  (ioe.  cit  and  Fogg.  Ann.  cxvi.  55)  that  a  sm^  fragment  of  ice, 
thrown  into  a  strongly  cooled  solution  of  platinocyanide  of  magnesium  or  sulphate  of 
sodium,  caused  a  crystallisation  of  ice,  the  whole  of  the  salt  remaining  dissolved,  untfl 
a  very  lar^  proportion  of  the  water  had  been  transformed  into  ice ;  while  s  fivgment 
of  the  soUd  sialt  thrown  in  caused  the  salt  to  ciystaUise,  but  no  ice.  The  crystals  of 
ice  and  of  the  salts  used  in  these  experiments  were  easily  distinguishable  by  tfaeit 
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different  oolonn  and  specific  grayities.    These  results  are  quite  analogous  to  the  simul- 
taneous separate  ciystallisation  of  two  or  more  salts  contained  in  the  same  solution. 

Vaporisation  and  Condensation. — When  a  quantity  of  water  or  alcohol  is  left 
exposed  to  the  air,  it  gradually  dLsappears,  owing  to  its  transformation  into  a  transparent, 
inyisible  vapour,  which  diffuses  into  the  atmosphere.  This  formation  of  vapour  at  the 
free  surface  of  a  liquid  constitutes  evaporation.  It  takes  place  more  or  less  rapidly 
with  all  liquids,  except  some  of  those  which  are  easily  decomposed  by  heat  when  their 
temperature  is  sufficiently  high.  Some  liquids,  such  as  water,  evajwrate  at  all  tempe- 
nitures,  but  this  is  not  the  case  with  all :  for  instance,  mercuiy  gives  off  no  sensiole 
quantitjr  of  vapour  at  —  10^,  and  two  basins  may  be  placed  near  each  other,  under  an 
exhausted  receiver,  at  the  ordinary  temperature,  one  containing  oil  of  vitriol  and  the 
other  a  solution  of  chloride  of  barium,  without  the  smallest  precipitate  being  formed  in 
the  latter.  Some  solid  bodies,  e.g.  ice,  iodine,  camphor,  give  off  vapour  without 
previously  passing  into  the  liquid  state ;  and  it  is  proved  by  Kegnault*s  experiments 
(upon  benzene,  bromide  of  ethylene,  elacial  acetic  acid,  chloride  of  cvanogen,  and 
chloride  of  carbon),  that  substances  which  are  capable  of  existing  at  the  same  tem- 
perature either  as  solids  or  liquids,  produce,  in  both  states  of  aggregation,  vapours  of 
equal  tension  (see  next  paragraph). 

Fig.  640. 


Fiff.  539. 


Tension  of  Vapours. — The  quantity  of  any  given  liquid  which  can  evaporate  in 
an  enclosed  space,  either  previously  vacuous  or  already  containing  a  gas  or  vapour,  is 
limited,  and  depends  on  the  nature  of  the  liquid,  on  the  temperature,  and  on  the 
extent  of  the  enclosed  space.  When  the  liquid  is  in  excess,  that  is,  when  some  of  it 
remains  after  the  formation  of  the  largest  quantity  of  vapour  that  is  possible  under 
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the  cmmmstanoes,  eyaporation  ceasee  when  the  vapour  exerts  a  certain  preosniv  npoa 
the  sides  of  the  containixig  vesseL  The  laws  of  evaporation  are,  therefore^  most  eatHj 
arrived  at  by  studying,  in  the  first  instance,  the  phenomena  of  the  formation  of  rapour 
in  a  vacuum,  in  which  case  the  pressure  exerted  by  the  vapour  itself  is  the  only  one  to 
which  the  sides  of  the  vessel  are  exposed. 

If  a  glass  tube,  closed  at  one  end.  about  a  yard  long  and  three-quarters  of  an  inch 
wide,  is  filled  with  mercuiy  and  inverted  in  a  basin  of  that  liquid,  as  shown  in  J!^.  639, 
a  vacuous  space,  about  six  inches  in  length,  is  formed  at  the  top  of  the  tube.  On 
now  passing  up  a  drop  or  two  of  ether  or  alcohol  into  this  space,  the  liquid  will  imme- 
diately evaporate,  so  that  the  surface  of  the  mercury  and  ox  the  tube  will  remain  dry, 
but  the  mercury  column  will  be  depressed  by  the  elastic  force  of  the  vapour  which  has 
been  formed.  The  amount  of  this  elastic  force,  or  of  the  pressure  which  the  Ti^KXir 
exerts  upon  the  sides  of  the  tube  and  upon  the  top  of  the  column  of  mercury,  is  evi- 
dently measured  by  the  difference  between  the  height  of  this  column  and  that  of  the 
barometer  at  the  time  of  the  experiment  On  transferring  the  tube  in  this  condition 
to  a  mercury-trough  provided  with  a  deep  cylindrical  well  (Jig.  540),  and  depressing 
it  slightly,  the  space  occupied  by  the  vapour  above  the  mercury  will  be  diminished ; 
the  tension  of  the  vapour  will  therefore  increase,  and  the  mercuiy  column  AC  will  be 
still  further  depresseo.  But  on  continuing  to  diminish  in  this  way  the  volume  of  the 
vapour,  a  point  will  soon  be  reached  at  which  part  of  it  returns  to  the  liquid  state  and 
condenses  as  a  dew  upon  the  inside  of  the  tube  and  on  the  mercury ;  and  if  the  height 
of  the  column  A  C  be  measured,  as  soon  as  the  first  trace  of  condensed  liquid  becomes 
visible,  it  will  be  found  to  remain  the  same  until  the  tube  has  been  depressed  so  far 
that  the  whole  of  the  vapour  has  been  converted  into  liquid. 
Fig.  641.  and  the  tube  becomes  mled  with  mercury,  surmounted  by  a 

drop  of  liquid  ether  or  alcohol.    The  progress  of  the  experi- 
ment in  this  stage  will  be  easily  unaerstood  from  Jig.  641, 
where  C  D  represents  the  tube  when  the  liquid  first  begins 
to  appear  in  the  space  above  the  mercury,  and  A  B  the  level 
of  the  mercury  in  the  tube  above  that  in  the  trough.     Aa 
the  tube  is  depressed  successively  to  the  positions  Cx  X>i,  and 
Ca  Ds,  more  and  more  of  the  vapour  is  hquefied,  bat  the  re- 
'   maining  portion  exerts  neither  more  nor  less  pressure  than 
the  quantity  which  existed  in  the  tube  at  the  instant  when 
liquefaction  first  began  to  take  place;  and  hence  the  .«ar- 
fiice  of  the  mejcury  remains  immovably  at  the  level  AR 
Again,  if  the  tube  is  raised  up  out  of  the  mercuiy,  the  top  oi 
the  mercury  column  will  stifl  remain  at  the  level  A  B,  unti 
^  the  whole  of  the  liquid  has  a^ain  evaporated  into  the  space 
^  above  it,  but  from  this  point  it  will  begin  to  rise  higher  and 
higher  as  the  tube  is  still  further  raised ;  if,  however,  when 
the  tube,  has  attained  its  highest  position  (so  that  the  open 
end  is  only  just  covered  by  the  mercury  in  the  trough),  an  sdditional  quantity  of  ethei 
or  alcohol  is  passed  up  into  it,  the  column  of  mercury  will  sink ;  and  if  the  quantity  oi 
liquid  passed  up  is  more  than  can  evaporate  in  the  portion  of  the  tube  unoccupied  bj 
the  mercury,  the  surface  of  the  latter  will  sink  again  to  the  level  A  B  (Jig.  641). 

These  experiments  prove  that  when  a  vapour  is  compressed,  its  temperature  remain- 
ing always  the  same,  its  elastic  force  increases  up  to  a  certain  limit  which  it  canno< 
exceed,  the  effect  of  any  further  compression  being  to  change  it  to  a  liquid ;  and  that 
when  a  vapour  is  in  contact  with  any  portion  of  the  corresponding  liquid,  in  a  space 
otherwise  vacuous,  its  elastic  force  always  attains  this  limit,  whatever  may  be  the 
relative  volumes  of  vapour  and  liquid.  In  this  condition,  a  vapour  is  said  to  be  satu- 
rated, or  to  exert  its  maximum  tension. 

Maximum  Tension. — The  maximum  tension  which  the  vapour  of  any  liquid  can  exert 
depends  upon  the  nature  of  the  liquid,  and  upon  its  temperature. 

If  we  pass  up  into  the  first  of  three  barometric  tubes,  like  that  represented  in 
fig.  639,  a  small  quantity  of  ether,  into  the  second  some  alcohol,  and  into  the  third 
some  water,  taking  a  larger  quantity  of  each  liquid  than  can  evaporate  complet^l^ 
within  the  tube,  the  mercury  colunm  will  be  depressed  to  a  different  level  in  each, 
supposing  all  three  to  have  the  same  temperature.  If,  for  instance,  the  temperature  ii 
10**  C,  the  mercury  will  be  depressed  about  11 J  inches  in  the  first  tube,  nearly  1  inch 
in  the  second  tube,  and  a  little  more  than  i  inch  in  the  third. 

If  the  three  tubes  are  now  gradually  heated,  by  surrounding  them  with  warm  water  oi 
oLberwise,  more  vapour  will  be  formed  from  the  liquid  contained  in  each  of  them;  the  elastic 
force  or  tension  of  each  vapour  will  acconliugly  increase,  and  the  mercury  will  descend 
lower  and  lower  in  the  tubes  as  the  temperature  rises.  At  about  36°,  the  tension  oi 
the  ether-vapour  will  have  become  equal  to  that  of  the  atmosphere,  and  hence  at  this 
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tcoipermtiire,  the  mercniy  in  the  tube  containing  it  will  have  been  driven  down  to  as  to 
be  at  the  same  level  as  that  in  the  reeenroir ;  at  aboat  78'a^  the  aame  will  be  the  eaee 
with  the  mercnzy  in  the  aloohol-tobe ;  and  at  about  100^  With  that  contained  in  the 
wmtep-tube. 

When  a  mtnrated  vaponr  is  cooled,  the  pressnre  npon  it  remaining  unaltered,  com- 
plete liquefaction  takes  place,  just  as  it  does  when  the  pressure  is  increased  and  the 
temperature  remains  the  same.  The  condition  of  saturation,  or  maximum  tension,  is 
therefore  a  limiting  condition,  beyond  which  a  vapour  can  neither  be  compressed  nor 
eooled  without  returning  to  the  state  of  liquid. 

On  the  other  hand,  when  a  saturated  vapour  not  in  contact  with  an  excess  of 
liquid  is  heated,  it  ceases  to  be  saturated  (unless  the  pressure  upon  it  is  increased  at 
the  same  time  to  a  corresponding  extent).  Hence,  when  a  ftxrther  quantity  of  liquid  is 
brought  in  contact  with  a  vapour  which  has  been  thus  heated,  more  v^wur  is  formed  in 
the  same  space,  until  saturation  is  again  produced,  and  the  tension  increases  at  the  same 
time  till  it  reaches  the  maximum  tension  corresponding  to  the  higher  temperature. 

Distinetion  between  Vapours  and  Gaaes. — ^It  has  heea  already  stated,  that  when  the 
space  into  which  a  liquid  can  evaporate  is  increased  until  the  whole  quantity  of  liquid 
has  become  vapour,  the  tension  of  the  vapour  diminishes  with  any  further  increase 
of  volume ;  and  that  when  a  vapour,  not  in  contact  with  the  liquid  from  which  it  is 
formed,  is  compressed,  its  tension  augments  until  liquefetction  begins.  In  proportion 
as  a  vapour  under  these  conditions  is  expanded,  its  tension  becomes  more  and  more 
nearly  inversely  proportional  to  the  vdume  which  it  occi^es ;  that  is,  its  properties 
approiaeh  more  and  more  nearly  to  those  of  a  perfect  gas.  Similarly,  when  a  saturated 
Tapour,  not  in  contact  with  an  excess  of  liquid,  is  he^ed,  its  elastic  force  increases, 
ana  it  expands  if  the  pressure  upon  it  is  not  |»oportionably  augmented;  and  as  the 
temperature  rises,  the  relation  between  the  tension  or  elastic  force,  p^  of  the  vapour, 
its  volume,  %  and  its  temperature,  ^  comes  to  be  more  and  more  nearly  expressed  by 
the  equation 

pv^J(a  +<); 

which,  as  we  have  already  seen  (p.  45),  expresses  the  relation  between  these  three 
quantities  in  the  case  of  a  perfect  gas  (see  aiiK>  p.  60). 

Hence  the  physical  properties  of  vapours,  when  sufficiently  expanded,  and  at  suffi- 
ciently high  temperatures,  are  identical  with  those  of  the  permanent  gases. 

From  this  it  is  natural  to  conclude,  conversely,  that  the  so-called  permanent  gases 
themselves  are  onlv  vapours  which,  at  ordinary  pressures  and  temperatures,  are  very 
far  removed  from  toeir  points  of  saturation,  and  that  by  exposing  them  to  lower  tem- 
peratures and  increasing  the  pressure,  a  point  might  be  reached  for  each  of  them,  at  which 
the  pressure  would  be  equal  to  the  maximum  tension  which  it  was  capable  of  exerting  at 
the  temperature  of  the  experiment,  and  therefore,  that  any  fbrther  oiminution  of  tem- 
perature or  increase  of  pressure  would  cause  it  to  become  liquid.  This  conclusion  has 
been  actually  rerified  in  the  case  of  manv  gases  formeriy  regarded  as  permanent,  the 
only  gases  which  have  hitherto  resisted  all  attempts  to  Uqu^  them  being  hydrogen, 
oxjTgen,  nitrogen,  nitric  oxide,  carbonic  oxide  and  marsh-gas.  (The  methods  em- 
ployed for  the  liouefoction  of  gases  will  be  i^irther  considered  in  connection  with  the 
processes  adoptea  for  obtaining  great  reductions  of  temperature.) 

Tenman  of  Vaponrt  in  presence  of  Permanent  Gases. — The  fiuniliar  fact  of  the 
evaporation  of  water  in  the  open  air  ttflfbrds  sufficient  proof  that  the  presence  of  a  per- 
manent gas  in  any  given  space  does  not  prevent  volatile  liquids  giving  off  vapour  into 
the  same  space.  By  measuring  the  volume  and  elastic  force  of  a  given  quantity  of  dry 
air,  or  other  ^as,  then  introducing  a  little  more  of  any  liquid  than  can  completely 
evaporate  in  it,  and  when  equilibrium  h&s  been  re-established,  a^ain  measuring  the 
volume  and  elai^c  force  of  the  mixture  of  gas  and  vapour,  the  tension  of  the  latter  can 
be  asoertained.  In  this  way  it  has  been  found  that,  when  the  liquid  exerts  no  solvent 
or  chemical  action  upon  the  gas,  the  combined  tension  of  gas  and  vapour  is  nearly  equal  to 
the  separate  tension  of  the  gas,  increased  by  the  maximum  tension  which  the  v^Kmr 
is  capable  of  exerting  in  an  otherwise  vacuous  space  at  the  temperature  of  the  experi- 
ment In  other  words,  the  vapour  given  off  by  a  liquid  at  any  temperature  has  neariy 
the  same  maximum  tension,  whether  it  is  formed  in  a  space  previously  vacuous  or  filled 
with  a  permanent  gas.  The  only  essential  difference  betw6en  the  evaporation  of  a 
liquid  in  a  vacuum,  and  its  evaporation  in  a  gas,  is  that,  in  the  former  case,  the  vapour 
attains  the  condition  of  saturation  in  an  inappreciably  short  time,  while  in  the  latter, 
this  condition  is  arrived  at  more  slowly.  Hegnault*s  experiments  (M^m.  Acad. 
Sdenoes,  xxvi.)  prove,  however,  that  b'quids  do  not  give  off  vapour  of  quite  so  j?reat  a 
tension  in  a  space  occupied  by  a  permanent  gas,  as  they  do  in  a  vacuum,  and  that  the 
difference  increases  as  the  temperature  rises. 

Boiling  Points,^ EMlitum.—Ytom  the  facts  stated  in  the  last  paragraph,  it  foUowi 
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that  the  temperature  at  which  the  rapoor  of  a  liquid  introduced  into  the  baromHritf 
vacuum  would  exert  sufficient  elastic  force  to  drive  the  mercury  down  to  the  bottom  of 
the  tube,  so  afl  to  make  it  stand  at  the  same  level  inside  and  outside,  is  also  the  t<^m- 
perature  at  which  the  vapour  formed  on  heating  the  liquid  in  the  air  would  exert  aa 
elastic  force  equal  to  the  atmospheric  pressure.  As  already  stated,  the  first  of  tha^ 
effects  is  produced  by  ether-vapour  at  35**,  by  alcohol  at  785^,  and  by  water  at  100=* : 
these  temperatures,  however,  are  those  at  which  the  liquids  respectively  boil  when  heat«d 
in  the  open  air,  the  barometer  being  at  its  average  height  The  boiling  point  of  t 
liquid  is,  therefore,  the  temperature  at  which  the  tension  of  its  vapour  becomes  equal  to 
the  atmospheric  pressure.  This  temperature  is  evidently  not  absolutely  constant  far  eadb 
liquid,  but  varies  more  or  less  with  alterations  of  the  pressure  of  the  atmosphere.  A 
liquid  at  its  boiling  point  is  in  a  limiting  condition,  comparable  to  that  of  a  saturated 
vapour;  any  diminution  of  pressure  or  increase  of  t^^mperature  equally  causes  it  to 
pass  from  the  liquid  to  the  vaporous  state.  The  two  conditions  are  in  fitet  conter- 
minous ;  and  the  temperature  at  which  a  liquid  produces  vapour  of  any  given  maxi- 
mum tension,  is  also  the  temperature  at  which  the  liquid  would  boil  under  an  atmo- 
spheric pressure  e^ual  to  that  tension.  Hence  the  observation  of  the  pressures  under 
which  a  liquid  boils  at  various  temperatures  constitutes  a  method  of  aetermining  the 
maximum  tension  of  its  vapour  at  those  temperatures. 

The  phenomenon  of  ebullition,  which  presents  itself  when  heat  is  applied  to  the 
lower  part  of  a  mass  of  liquid,  already  at  such  a  temperature  that  the  tension  of  its 
vapour  is  equal  to  the  pressure  of  the  atmosphere,  results  from  the  transfomnatioD  of 
the  liquid  into  vapour  at  the  points  where  the  heat  is  applied,  and  the  escape  of  thi^ 
vapour  in  the  form  of  bubbles  through  the  superincumbent  liquid. 

The  temperatures  at  which  different  liquids  boil,  under  the  ordinary  atmo- 
spheric pressure,  vary  very  greatly.  They  will  be  found  given  for  each  liquid  in  the 
article  of  this  dictionary  wherein  it  is  specially  described ;  in  the  fqllowing  table  a  few 
boiling  points  are  given  in  order  to  illustrate  the  range  of  temperature  through  which 
they  occur. 

Table  of  Boiling  Points. 


Liquid. 

BoiUng  Point. 

PreMure  in  miillmeUes 
of  mercury. 

Authority. 

Nitrous  oxide 

-87-90 

769 

Regnault 

Carbonic  anhydi 

ide    .               -78-2 

767-3 

n 

Ammonia  . 

-33-7 

749-3 

Bunsen 

Sulphurous  anhy 

dride                -10-6 

744 

n 

Chloride  of  ethyl 

+  110 

768 

Pierre 

Oxide  of  ethylen 

e       .                   13-5 

746-6 

WurtB 

Aldehyde  . 

19-8 

734 

Kopp 

Ether 

34-2 

742 

tt 

Sulphide  of  carb 

on     .                   47-9 

766-8 

Pierre 

Methylic  alcohol 

610 

764 

Delfb 

Bromine    . 

630 

760 

Pierre 

Alcohol      . 

.        .                   78-4 

760 

6ay-Lussae 

Benzene     . 

80-4 

762 

Kopp 

Water 

1000 

760 

II 

Acetic  add 

116-9 

760 

n 

(>mene     . 
Naphthalene 

177-6 

744 

II 

216-8 

747-6 

Phosphorus 

290 

•    • 

Pelleticr 

Oil  of  vitriol      . 

326 

,    , 

Mercury     . 

360 

,    , 

Regnault 

Sulphur     . 

440 

.    . 

< Dumas;  Deville 
andTroost 

Cadmium  . 

860 

,    , 

Deville  and  Troost 

Zinc  . 

1040 

•     • 

If 

Dfierminaiion  of  Boiling  Points. — The  boiling  points  of  different  liquids  being  anoong 
their  most  characteristic  properties,  the  determination  of  them  becomes  a  very  &eqTien1 
and  important  operation  in  chemical  research.  The  method  recommended  by  Kopp,  ii 
order  to  ensure  as  much  accuracy  as  possible  in  these  observations,  is  as  follows :  — 

The  liquid  to  be  examined  is  placed  in  a  cylindrical  glass  vessel,  containing  a  few 
scraps  of  freshly  ignited  platinum  foil,  the  diameter  of  which,  when  the  quantity  of  liquid 
is  small,  need  not  much  exceed  that  of  the  bulb  of  the  thermometer.  This  vessel  ii 
closed  by  a  cork,  through  the  centre  of  which  the  thermometer  is  inserted,  in  such  s 
way  that  it  can  ht  raised  or  lowered,  so  that  the  bulb  may  dip  either  into  the  liquid  oi 
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noTply  into  the  vapour.  It  is  generally  advisable  to  give  the  tbermometejr  the  latt«r 
position,  since,  us  wfll  be  seen  by  what  follows,  the  temperature  of  the  liquid  may, 
nnder  dnnunstances  which  not  unfrequently  occur,  rise  somewhat  above  the>  true 
boiling  point ;  but  even  when  this  is  the  case,  a  thermometer  in  the  vapour  will  show 
tlie  real  boiling  point  of  the  liquid :  under  nearly  all  circumstances,  the  thermometer  will 
stand  lower  in  the  vapour  than  it  does  in  the  liquid,  if  this  is  a  mixture  of  two  or  more 
liquids  of  different  boiling  points  instead  of  a  pure,  homo- 
geneous substance.  Through  a  second  hole  in  the  cork  is  Fig,  642. 
inserted  a  glass  tube,  open  at  both  ends,  and  bent  at  a  riglit 
angle,  as  shown  in  fig,  542 ;  b^  connecting  this  tube  with  a 
condenser,  the  loss  of  the  liquid  used  for  the  experiment  can 
be  prevented.  The  liquid  is  heated  either  by  applying  a 
small  flame  to  the  outside  of  the  vessel,  or  by  means  of  a 
water-bath  or  sand-bath,  care  being  taken  that  the  sides  of  the 
vessel  above  the  liquid  do  not  get  over-heated.  The  indications 
of  the  thermometer  are  observed  during  the  whole  time  that 
the  liquid  is  beii^  slowly  boiled  away,  until  only  a  small  Quan- 
tity remains.  "Die  temperature  thus  observed  is  not,  how- 
ever, in  most  cases,  the  true  boiling  point  of  the  liquid :  usually,  ^/-s^ 
part  of  the  mercury  column  in  me  thermometer  lises  above  j  j^  ''vi^i-^ 
the  cork,  and  is  therefore  exposed  to  a  lower  temperature  than  *■  ^^^^ 
that  of  the  boiling  liquid ;  consequently,  the  upper  extremity 
of  the  column  stands  at  a  lower  point  tnan  it  would  do  if  the 
thermometer  were  completely  immersed  in  the  liquid.  In 
order  to  find  the  correction  which  it  thus  becomes  necessary 
to  apply,  a  second  thermometer  is  placed  so  that  its  bulb  is  in 
contact  with  the  stem  of  the  thermometer  inserted  into  the 
cork  of  the  boiling  vessel,  and  is  half  way  between  the  top  of 
the  mercury  column  of  the  latter  thermometer  and  the  middle 
of  the  cork.  The  temperature  indicated  by  this  second  thermometer  may  be  taken 
as  the  mean  temperature  of  that  portion  of  the  mercury  column  of  the  principal  ther- 
mometer which  is  not  heated  by  the  vapour  of  the  boiline  liquid.  Let  this  temperature 
be  ^ ;  let  the  uncorrected  boiling  point,  directly  indicated  by  the  principal  thermometer, 
be  7^ ;  let  -AT  be  the  difference  between  T  and  the  point  of  the  scale  situated  at  the 
middle  of  the  cork,  that  is  to  say,  the  length,  expressed  in  degrees  of  the  scale,  of  that 
portion  of  the  mercury  column  of  the  prmcipal  thermometer  of  which  the  mean  tem- 
|)eratnre  is  f^ ;  lastly,  let  Z  be  the  coefficient  of  i^parent  expansion  of  mercury  in  the 
glass  of  which  the  thermometer  is  constructed.  The  correction  to  be  applied  to  the 
directly  observed  temperature  T^  is  then 

As  already  stated  (p.  57),  9  may  always  be  taken,  in  calculating  the  value  of  this 
expression,  as  »  0'0001645. 

The  table  which  follows  on  p.  86  gives  the  amounts  of  the  correction  in  question  for 
various  values  of  A  and  of  T—  t.  The  amounts  corresponding  to  other  values  of  these 
factors  can  be  easily  deduced  by  interpolation  from  the  numbers  g^iven  in  the  table. 

This  table  sufficiently  shows  that  the  correction  in  question  can  never  be  neglected  in 
accurate  experiments,  and  that  in  the  case  of  liquids  of  high  boiling  points,  its  value 
may  become  very  considerable.* 

Since  the  boiling  point  of  a  liquid  depends  on  the  pressure  to  which  the  liqmid  is 
subjected,  another  correction  becomes  necessary  in  order  to  reduce  determinations 
made  under  the  varying  pressure  of  the  atmosphere,  to  the  values  which  would  be 
found  if  the  atmosphere  exerted  always  its  normal  pressure,  equal  to  that  of  760 
millimetres  of  mercury  at  0^.  Strictly  speaking,  the  correction  to  be  applied  to  the 
boiling  point  of  a  liquid  observed  under  an  atmospheric  pressure  differing  by  a  given 
amount  from  the  above  standard  pressure,  varies  with  the  nature  of  the  liquid  ;  since 
equal  alterations  of  pressure  do  not  cause  precisely  equal  changes  in  the  boiling  points 
of  different  liquids.  Nevertheless,  the  greatest  variations  which  ever  occur  in  the 
pressure  of  the  atmosphere  are  relatively  so  small,  that  they  may,  without  any  appre- 
ciable error,  be  regarded  as  affecting  the  boiling  points  of  all  liquids  equally :  to  the 
extent,  namely,  of  0*1°  for  a  variation  of  pressure  of  2*7  millimetres  of  menmiy,  this 
number  being  deduced  from  direct  determmations  of  the  boiling  point  of  water  under 
different  pressures. 

In  what  follows,  whenever  the  boiling  point  of  a  liquid  is  spoken  of  withont  further 
explanation,  it  is  to  be  understood  to  mean  the  boiling  point  under  a  pressure  equal  to 
tliat  of  760  millimetres  of  mercury  at  0^. 

•  It  Is  o  viiMis  thftt  R  precisely  simUar  corr»Ttion  oiiRht  to  be  applied  to  all  thermometric  observatinns 
in  which  any  fiorttuc  of  the  mercury  in  the  stem  of  the  thermometer  b  at  a  different  temperature  from 
tliHt  lu  the  bulu. 
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Ciftumstanees  wkick  modify  the  Boiling  Point, — Although,  when  a  b'qtiid  is  he«ted 
in  rach  a  manner  that  Ta^xmr  can  escape  freely  from  seme  part  of  its  surfiace,  the 
Taponr  fo  formed  has  a  tension  equal  to  the  pressure  upon  the  free  sur&ce  of  the  liquid 
as  soon  aa  the  temperature  of  the  latter  reaches  the  boiling  point,  this  temperature 
may  nerertheless  he  attained,  and  even  considerably  exceeded,  without  the  formation 
of  a  trace  of  vapour,  if  no  portion  of  the  surface  of  the  liquid  is  freely  exposed.  These 
conditions  can  be  reah'sed  by  suspending  the  liquid  to  be  examined  in  a  second  liquid 
of  equal  specific  grayi^,  but  higher  boiling  point 

The  phenomena  which  take  place  under  these  circumstances  have  been  particularly 
studied  by  Dufour  (Ann.  Ch.  Phys.  [3]  Ixriii  S78).  In  order  to  examine  them  in 
the  case  of  water,  he  employed  a  mixtu]i«  in  the  requisite  proportions  of  oil  of  dores 
(preriously  heated  alone  to  about  200^)  and  linseed  oil.  The  water,  already  heated 
to  80®  or  90°,  was  dropped  gently  into  the  mixture  of  oils,  so  as  not  to  disturb  the 
film  which  coated  the  bottom  of  the  vessel,  and  the  temperature  of  the  bath  was 
gradually  raised.  Under  these  circumstances  the  ordinaiy  boiling  point  of  water,  100**, 
was  passed  without  the  occurrence  of  any  perceptible  change,  and  traces  of  ebullitaon 
scarcely  began  to  show  themselves  below  110^  or  116°.  Even  at  these  temperatures, 
ebullition  seldom  began  except  when  the  globules  of  water  came  in  contact  with  the 
sides  of  the  vessel  or  with  the  thermometer.  A  burst  of  vapour  then  occurred,  and  the 
globule,  more  or  less  diminished  in  size,  was  driven  rapidly  away,  like  a  pith  ball  after 
touching  an  electrified  conductor.  These  contacts  were  of  course  more  dimcult  to  avoid 
in  the  case  of  large  than  of  small  globules ;  hence  the  latter  remained  liquid,  as  a  rule, 
to  higher  temperatures  than  the  former. 

In  these  experiments,  it  was  a  rare  exception  when  ebullition  occurred  between  100** 
and  110°;  veiy  commonly  globules  of  10  mm.  in  diameter  reached  120°  or  130**,  and 
in  one  experiment  the  last  temperature  was  attained  by  a  globule  of  18  mm.  dia- 
meter, and  therefore  containing  more  than  3  c  c  of  water.  Spheres  of  10  or  12 
mm.  diameter  often  reached  140**;  those  of  6  or  6  mm.  reached  166®;  and  others 
of  from  1  to  3  mm.  attained  176**  or  even  178®,  temperatures  at  which  the  elastic  force 
of  the  vapour  which  forms  at  the  freely  exposed  surface  of  water  is  between  8  and  9 
atmospheres. 

At  these  high  temperatures,  the  contact  of  a  solid  body  very  generally  occasioned 
the  sudden  partial  or  complete  vaporisation  of  the  globules,  accompanied  by  a  hissing 
sound  like  that  produced  on  immersing  red-hot  iron  in  water.  This  invariably 
occurred  when  the  globules  were  touched  with  pieces  of  wood  or  chalk,  shreds  of  cotton, 
paper,  &c.,  but  not  always  on  contact  with  a  ^ass  rod  or  metallic  wire,  the  difierence 
appearing  to  depend  on  the  porous  structure  of  the  former  substances.  A  platinum 
wire  appeared  to  lose,  to  some  extent,  by  frequent  usage,  the  power  of  causing  sudden 
viiporisation. 

Budden  ebullition,  amounting  even  to  an  explosion,  if  the  temperature  was  above 
12U®,  invariably  occurred  on  passing  the  disdiarge  of  a  Leyden  jar  or  induction 
coil  through  a  globule.  A  similar,  but  less  violent,  effect  was  produced  by  the  passage 
of  a  weak  galvanic  current  These  results  are  attributed  by  Dufour  less  to  the  contact 
of  the  globules  with  the  conducting  wires,  than  to  the  disengagement  of  gas  at  the 
extremities  of  the  latter. 

Saturated  aqueous  solutions  of  various  salts — for  example,  chloride  of  sodium,  sulphate 
of  coppra',  nitrate  of  potassium,  &c.— also  remained  liquid  at  temperatures  much  above 
their  boiling  points,  when  immened  in  melted  stearic  acid  resting  on  a  layerof  melted 
sulphur.  In  like  manner,  globules  of  chloroform  (boiling  pomt  61®),  suroended  in  a 
solution  of  chloride  of  dnc,  often  remained  liquid  up  to  97°  or  98® ;  and  elobules  of 
liquid  sulphurous  anhydride  (boiling  point  — 10*6®)  could  be  heated  in  diluted  sulphuric 
acid  as  high  as  -f-  8°.  In  all  these  cases,  the  same  cauFCS  that  operated  in  the  case  of 
water,  sufficed  to  occasion  the  sudden  complete  or  partial  conversion  of  the  overheated 
globules  into  vapour. 

These  results  throw  important  light  upon  the  nature  of  ebullition,  and  seem  to 
indicate  that  it  is  to  some  extent  an  accidental  phenomenon.  In  order  to  understand 
them,  we  must  remember  that,  the  globules  being  surrounded  on  all  sides  by  liquid, 
evaporation  cannot  go  on  at  their  siurface  in  the  ordinary  way.  They  are,  however,  in 
a  state  of  tension,  or  unstable  equilibrium,  such  that  a  very  slight  cause  may  occasion 
the  sudden  formation  of  vapour  of  more  than  the  atmospheric  tension.  The  most 
efiTectual  of  such  causes  would  obviously  be  the  contact  of  a  minute  globule  of  air  or 
other  gas :  this  globule,  however  small,  would  be  a  space  into  which  vapour  could  be 
given  ofi",  and  this  vapour,  having  an  elastic  force  greater  than  the  pressure  (that  of  the 
atmosphere  and  the  upper  layers  cf  the  liquid)  wherebv  the  globule  was  prevented  from 
expanding,  would  force  back  the  liquid  walls  of  the  bubble  of  gas,  suddenly  converting 
it  into  a  large  bubble  of  steam.  Hence  the  unfailing  efficacy,  in  causing  the  ebullition 
of  the  overheated  globules  of  liquid,  of  the  passage  of  an  electric  current  or  the  contact 
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of  porous  substances,  such  as  chalk,  wpod,  paper,  &c.,  which  either  allow  air  to  ese^ 
from  their  pores  when  immersed  in  the  heated  liquid,  or  carry  down  into  it  sra: 
globules  of  air  adhering  lo  them.  These  globules  afford  space  fur  the  commencement 
Uie  formation  of  Tapour,  and  this  process  being  once  begun,  the  space  is  increased  1 
the  force  of  the  vapour  already  formed  within  it.  In  the  absence  of  any  such  spoi 
the  liquid  globule  is  in  a  condition  somewhat  analagous  to  that  of  a  drop  of  melted  gh 
which  has  been  suddenly  cooled  in  water  (Rupert* s  drops),  and  which  falls  to  powd 
on  receiving  the  smallest  scratch :  there  is  no  reason  why  the  formation  of  rapo 
should  begin  at  one  point  of  the  mass  rather  than  at  another,  and  thus  the  whole  remai 
in  a  state  of  molecular  tension  until  something  occurs  at  some  particular  point  to  weaki 
the  effect  of  the  forces  which  oppose  the  formation  of  vapour,  or  until  the  tensii 
.  increases  (in  consequence  of  rise  of  temperature)  to  such  a  ae&ree  that  these  forces  s 
overcome  simultaneously  throughout  the  whole  mas&  It  will  be  seen  further  on  th 
these  considerations  exactly  agree  with  the  explanation  which  the  mechanical  theo 
of  heat  affords  of  the  passage  from  the  liquid  to  the  gaseous  state. 

Even  when  liquids  are  heated  in  open  vessels,  the  occurrence  of  ebullition,  or  tl 
formation  of  vapour  in  the  interior  of  the  mass,  appears  to  defend  on  like  accident 
causes.  Thus  the  influence  of  the  nature  of  the  vessel  wherem  a  liquid  is  contains 
has  been  long  recognised.  It  has  been  observed,  for  instance,  that  water,  which  w 
boil  steadily  at  100^  in  a  metallic  vessel,  may  often  be  heated  to  105^  or  106^  witho 
boiling,  in  a  glass  vessel  previously  washed  with  stix>ng  sulphuric  acid.  Under  the 
circumstances,  ebullition  generally  takes  place  very  irregularly :  at  a  certain  temper 
ture  a  sudden  burst  of  vapour  occurs,  and  the  temperature  of  tne  liquid  falls  at  the  Ban 
time  to  nearly  the  normu  boiling  point;  the  liquid  then  remains  tranquil  for  a  tin 
until  the  temperature  having  again  risen  considerably,  another  burst  of  vapour  tak 
place,  and  so  on.  The  *'  bumping  "  of  heated  liquids  which  results  from  this  int(- 
mittent  formation  of  vapour,  is  familiar  to  every  chemist  It  may  be  prevented  to  son 
extent  by  putting  into  the  liquid  a  few  scraps  of  platinum,  or  a  ^obule  of  mercuiy  ; 
small  piece  of  charcoal  is,  however,  much  more  effectual  than  either  of  these,  though  n 
always  admissible.  This  irregular  ebullition  occurs  much  more  frequently  in  son 
liquids  than  others,  and  to  a  greater  extent  in  certain  glass  vessels  than  in  oUiers.  F 
instance,  methylic  alcohol  (boiling  point  61^)  may  show  a  difference  in  its  temperatu 
of  ebullition  amounting,  according  to  Kopp,  to  5  or  6  degrees,  depending  on  the  xe«« 
in  which  it  is  examined.  When  a  liquia  is  boiling  steadily  in  a  glass  flask  or  retoi 
it  may  almost  alwavs  be  noticed  that  the  bubbles  of  vapour  start  from  one  or  U 
particular  points  of  tne  suzfoce  of  the  glass,  indicating  the  existence  of  some  irregolari 
of  the  glass  at  those  points  favourable  to  the  formation  of  vapour.  Another  illustrati( 
of  the  necessity  of  some  other  cause  than  mere  temperature  in  order  to  bring  about  tJ 
ebullition  of  hquids,  is  afforded  by  the  remarkable  observation  of  Professor  Donny, 
Ghent.,  that  water  thoroughly  deprived  of  air  and  sealed  up  in  a  rather  long  ^laas  tul 
quite  free  from  air,  may  be  heat^  to  138°  at  one  end  of  the  tube  without  boiling,  ai 
is  then  suddenly  and  violently  thrown  to  the  other  end  by  a  burst  of  vapour.  A 
additional  fact  of  the  same  kind  may  sometimes  be  observed  during  the  distillation 
liquids  under  the  ordinary  pressure.  The  writer  has  occasionally  seen  a  liquid  disl 
very  rapidly,  thus  showing  that  vapour  was  being  formed  rapidly  at  the  surface,  althou^ 
ebidlition  could  not  be  maintained  by  the  use  of  a  more  powerful  flame  than  th 
which  had  sufficed,  at  an  earlier  stage  of  the  experiment,  to  boil  a  larger  quantity 
the  same  liquid. 

The  whole  of  these  phenomena  cease  to  be  unintelligible  i^  with  Dufour,  we  distij 
guish  between  the  boihng  point  of  a  liquid,  and  the  temperature  at  which  the  elast 
force  of  its  vapour  becomes  equal  to  the  pressure  of  the  atmosphere,  and  define  tl 
boiling  point  as  the  lowest  temperature  at  which  ebullition  can  occur,  instead  of  as  tl 
temperature  at  which,  under  normal  conditions,  it  must  occur. 

i^herdidal  State. — When  a  drop  of  water  is  allowed  t^  fall  upon  a  piece  of  iron,  tl 
temperature  of  which  considerably  exceeds  100®,  it  retains  its  globular  form,  mov< 
about  rapidly  on  the  surface  of  the  iron  without  wetting  it,  and  evaporates  with  con 
parative  slowness.  As  the  iron  cools,  a  point  is  reached  at  which  the  globule  of  wat< 
wets  it^  spreads  over  its  surface,  boils  and  quickly  disappears.  The  condition  of  tt 
globule  first  described  has  been  distinguished  as  the  spheroidal  state.  Thi 
condition  can  be  assumed  by  all  volatile  liquids  when  they  come  in  contact  with  th 
surface  of  either  a  solid  or  a  liquid  body  heated  conwdenibly  above  their  boiling  point 
The  temperature  of  a  liquid  in  the  spheroidal  state  is  always  below  its  ordinary  boiUo 
point,  notwithstanding  the  higher  temperature  of  the  surface  on  which  it  rests.  Tb 
absence  of  ebullition  is  therefore  due  in  this  case  to  some  other  cause  than  that  whie 
pnxluceH  the  phenomena  of  deferred  ebullition  which  werf^  considered  in  the  lastpaiagrapl 
It  is  the  result  of  a  want  of  perfect  contact  between  the  liquid  and  the  heated  surfaoi 
Many  experiments  prove  that  the  liquid  globule  rests  upon  a  sort  of  cushion  of  ita  oir 
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Tapour,  produced  by  the  heat  radiated  fix>m  the  hot  surface  against  its  under  pide.  As 
fast  as  this  vapour  escapes  from  under  the  globule,  its  place  is  supplied  by  a  frc<«h 
quantity  produced  in  the  same  way,  so  that  the  globule  is  constantly  buoyed  up  by  it, 
njid  never  comes  into  actual  contact  with  the  heated  surface.  If,  however,  the  tempe 
rature  of  the  latter  is  allowed  to  fall,  the  formation  of  vapour  becomes  less  and  less 
rapid,  until  at  last  it  is  not  supplied  fiist  enough  to  prevent  the  globule  toudiiug  the 
hot  metal  or  liquid  on  which  it  rests :  as  soon  as  contact  occurs,  heat  is  rapidly  im- 
parted  to  the  globule,  it  enters  into  ebullition,  and  quickly  boils  away. 

According  to  Boutigny's  experiments,  the  lowest  temperature  at  which  a  metallic 
vessel  will  cause  the  spheroidal  state  to  be  assumed  by  water  is  142^ ;  for  alcohol  the 
lowest  temperatnre  is  134^,  and  for  ether  61^. 

Solid  bodies  which  evaporate  without  becoming  liquid  also  assume  a  condition 
analogous  to  the  spheroidal  state  of  liquids,  when  they  are  placed  upon  a  surface  whose 
temperaturo  is  sufficiently  high  to  vaporise  them  very  rapidly.  This  is  very  distinctly 
seen  on  throwing  a  piece  of  solid  carbonate  of  ammonium  into  a  red-hot  platinum 
crucible,  and  when  a  fragment  of  solid  carbonic  anhydride  is  placed  upon  any  good 
conducting  surface  at  the  ordinary  temperature. 

Effrct  of  Substances  in  Solution  on  the  Boiling  Point  of  Liquids. — ^Liquids  holding 
solid  l>odiRS  in  solution  boil  generally  at  higher  temperatures  than  they  do  in  the 
pure  state  On  the  other  hand,  the  boiling  point  of  water  is  lowered  by  mixing  it 
with  alcohol,  and  that  of  alcohol  by  mixing  it  with  ether;  the  boiling  point  of  a  mix- 
ture being  always  intermediate  between  the  boiling  points  of  its  components.  The 
effect  of  salts  in  raising  the  boiling  point  of  water  may  be  considered  as  also  coming 
under  this  rule.  The  following  table  gives  the  boiling  pointa  of  saturated  solutions  of 
sevenU  salts,  according  to  Legrand. 


Tabie  of  Boiling  Points  of  Saturated  SaUne  Solutions, 

Salt. 

WeJubt  of 
mU  dit- 
AoWed  in 
100  part* 
of  water. 

BolHoft 
Pulnl. 

Salt. 

Wright  of 

Mit  diS- 

tolvfd  In 
inO  parts 
of  water. 

Boilin^t 
Fuiiil. 

Acetate  of  potassium   . 
Nitrate  of  calcium 
Carbonate  of  potassium 
Acetate  of  sodium 
Nitrate  of  sodium 
Chloride  of  strontium  . 
Nitrate  of  potassium    . 
Chloride  of  ammonium 

798-2 
362-2 
206-0 
209*0 
224-8 
117-6 
3361 
88-9 

1690 

161 

136 

124-4 

121 

117-8 

116-9 

114-2 

Tartrate  of  potassium  . 
Chbrate  of  potassium  . 
Chloride  of  sodium 
Phosphate  of  sodium ) 
(dried)                     } 
Carbonate  of  sodium    . 
Chloride  of  barium 

296-2 
61-6 
41-2 

112-6 

48-6 
60-1 

114-7*» 
104-2 

108-4 

106-6 

104-6 
104-4 

(For  Legrand*s  determinations  of  the  boiling  points  of  weaker  solutions  of  these  and 
pome  other  salts,  and  for  the  similar  experiments  of  Griffiths  and  Faraday,  see  Gmelin's 
Handbook,  I  269,  270.) 

Very  contradictory  opinions  have  been  maintained  by  differont  observers  with  regard 
to  the  temperature  of  the  vapour  which  issues  from  boiling  saline  solutions.  It  has 
been  said,  on  the  one  hand,  to  be  the  same  as  that  of  puro  water  boiling  under  the 
same  pressure ;  and,  on  the  other  hand,  to  be  equal  to  that  of  the  highest  stratum  of 
the  solution.  According  to  the  recent  experiments  of  Magnus  (Pogg.  Ann.  cxiL  408), 
the  latter  statement  appears  to  be  nearest  the  truth.  These  experiments  prove  de- 
cisively that  the  vapour  of  boiling  solutions  is  hotter  than  that  of  puro  water,  and  that 
its  temperaturo  rises  as  the  solutions  become  moro  concentrated,  and  therefore  boil  at 
higher  temperatures ;  nevertheless,  the  vapour  was  always  found  a  little  colder  than 
the  mass  of  the  boiling  solution,  and  the  difference  was  greater  at  high  temperatures 
than  it  was  at  low  ones. 

HtUUions  bctweem  the  Boiling  Point  of  substances  and  their  Chemical  Composition. — 
Many  attempts  have  been  made  to  trace  some  connection  between  the  boiling  points  of 
different  liquids  and  their  chemical  composition.  The  most  extensive  and  important 
series  of  observations  that  have  been  made  upon  this  point  are  due  to  Eopp  (Ann. 
Ch.  Pharm.  xcvi.  2,  330 ;  xcviii.  267,  367 ;  PhiL  Trans.  1860,  267).  The  principal 
conclusions  deducible  from  these  investigations  are  as  follows : — 

1.  Analogous  compounds,  presenting  the  same  difference  of  composition,  very  fre- 
quently differ  by  the  same  amount  in  their  boiling  points,  or  the  interx-al  between  their 
boiling  points  is  proportional  to  their  difference  of  composition.  A  compound  con- 
taining xC  more  or  less  than  another  of  analogous  function,  generally  boils  at   a 
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temptratnre  x  x  29  degwea  higher  or  lower  than  the  latter,  and  if  it  contains  rH  more 
or  feoB  it  commonly  boils  at  x  x  6  degrees  lower  or  higher.  A  particolar  instance  of 
the  application  of  this  rule  is  to  homologous  compounds :  in  tne  homologous  adds 
CH**©*  (Acms,  i.  60^  and  in  the  corresponding  alcohols  and  compound  ethers,  the 
addition  of  CH*  to  the  formula  of  a  compound  raises  its  boiling  point  on  an  average  by 
19^,  agreeing  with  the  above  rule. 

2.  An  add,  OH*0«,  boils  at  a  temperature  4(P  higher  than  the  alcohol,  OH*»**0 
(AiiOOHOLS,  i.  97),  the  oxidation  of  which  maygiTe  rise  to  the  add. 

8.  A  compound  ether  (Etbbbs,  ii.  612),  OH^O*,  boils  at  a  temperature  S29  lower 
than  the  acid,  OH'^O*,  isomeric  with  it 

If  we  start  from  the  boiling  point  of  ethyl-alcohol,  ■>  78^,  these  three  propodtions 
enable  us. to  calculate  the  boiling  points  of  a  large  number  of  organic  subatances, 
alcohols,  acids,  and  compound  ethers,  represented  by  the  above  genend  formulae.  The 
following  tables  serve  to  show  how  &r  the  boiling  points  thus  calculated  correspond 
with  those  actually  observed. 

BaUing  Points  of  Alcohols,  OH**  ♦  H). 


Nam*. 

Formula. 

Calcu- 

Uted 

Boiling 

Point. 

ObMrved  Bolllnf  Point. 

MethyUo  akohol    . 

Ethylic  alcohol      . 

Tritylic  alcohol      . 
Tetiylic  alcohol      . 

Amylic  alcohol 

Hezylic  alcohol 
Heptylic  alcohol     . 
Cetylic  alcohol 

CH*0 

C^H-0 

C"H»0 
C*WH) 

C*H»K) 
CH"0 

690 

78 

97 
116 

135 

154 
173 
344 

J  Kane,  60°;  Delffs,  eo-fi^;  Kopp,  66<>;  Pierre, 
)660;  Dumas  and  P^ligot,  66-60. 
]  Dumas  and  Boullay,  76^ ;  Gay-Lussac,  Pierre, 
jKopp,  Delffs,  Andrews,  78°. 

Chancel,  96*^. 

WurtE,  1090. 
}  Pasteur,  127**— 129<>;  Cahours,  Pierre,  Kopp, 
]Delfb,  1320;  Rieckher,  1360. 

Paget,  148°— 164°. 

Stadeler,  177**— 177-60. 

Favre  and  Silbermann,  866^? 

Botiinff  Ihints  of  Acids,  OHM)«. 


Num. 

Formula 

Caicn 
latfd 
Boiling 
Point. 

Observed  Boiling  Point. 

Formic  add  . 

Acetic  add    . 

Propionic  add 

Butyric  add  . 

Valeric  add  . 

Caproic  add  . 

(Enanthylic  add    . 
Capiylic  add . 
Pelargonic  add 

CHK)« 

cs*o» 

C*HW 

C*H«0« 

C»H'»0« 

C^iK)« 

C'H'K)« 
C*H'K)« 
C»H'K)« 

99« 

118 

137 

156 

175 

194 

213 
232 
251 

^Liebig,  99°;  Bineau,  Favre  and  Silbermann, 

)100O;  Kopp,  105°. 

J  Delffs.    116°;   Kopp,    117°;  S^bille-Auger, 

)1190;  Dumas,  120o. 

\  Dumas,  Halaguti,  and  Leblanc,  about  140° ; 

{Limpricht,  Kopp,  142°. 

5  Kopp.  Delffs,  166°;  Pierre,  163°;  PelouM 

)  and  Gelis,  about  164°. 

Dumas  and  Stas,  Delffs,  176°;  Kopp,  176°. 
(Brazier  and  Gossleth,  Wurtz,  198°;  Fehling, 
)202°— 209°. 

Stadeler,  218°. 

Fehling,  236°;  Perrot,  288°. 

Perrot,  2260;  Cahours,  260°. 

In  other  groups  of  compounds,  a  difference  of  CH'  in  the  compodtion  of  analogous 
substances  corresponds  frequently  to  a  nearly  constant  difference  of  boiling  point :  but 
this  difference  sometimes  amounts  to  more  than  19  degrees,  and  sometimes  to  less. 
For  instance,  in  the  series  of  hydrocarbons  OH  ■-*,  homologous  with  benzene,  C^*,  a 
difference  of  CH'  in  composition  corresponds  to  an  average  difference  of  about  24°  in 
boiling  point;  in  the  series  of  alcohol-radides  (or  hydrides)  C'H*^*,  homologous 
with  ethyl,  C'H'*,  (or  marsh-gas,  CH*)  the  difference  of  boiling  point  corresponding  to 
the  same  difference  of  composition,  is  also  nearly  24®;  in  the  series  of  acetones 
OHM),  it  is  about  22°.  Chi  the  other  hand,  the  difference  of  boiling  point,  corre- 
sponding to  a  difference  of  CH*  in  compodtion,  is  lesa  than  19°  in  £e  anhydiidet 
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BaiUnff  Pointi  of  Compound  Etkero,  OHM)*. 


Namt. 

FormuU. 

Calco. 

taUd 

BolUnf 

OtMerredBoiUiifFoliit. 

Fonnate  of  methyl    . 

Acetate  of  methyl.    > 
Formate  of  ethyl   .    ( 

Acetate  of  ethyl    .    . 

Batyiato  of  methyl 
Acetate  of  trityl    . 
Formate  of  te^jd  . 
Pft>pioDate  of  ethyl 

Valerate  of  methyl.    ) 
Butyrate  of  ethyl  . 
Acetate  of  tetiyl    . 
Formate  of  amyl    .    . 

Valerate  of  ethyl    . 
Butyrate  of  trityl  . 
Acetate  of  amyl     . 

Ci^jToate  of  ethyl  .     } 
Propionate  of  amyl     { 
Butyrate  of  amyl  .    . 
Valerate  of  amyl   .     ) 
Acetate  of  capiyl  . 
Pelargonate  ol  ethyl 
Caproate  of  amyl  . 
Lauroetearate  of  ethyl 

C*HH)« 
C«HK)« 

C"H«0« 
C»«H»0» 

86<» 
55 

74 
98 

112 

131 

150 
169 
188 

207 
264 

Kopp^  AndrewB,  880;  liebig.  S60— 38o. 
/Andrews,  66^;  Eopp,  56^;  Dumas  and 

PAligot.  580. 
Liebig,  DeUb,  53<>;  Kopp^  66^;  Lowig; 

56*^. 
Dumas  and  Boullay,  Pierre,  Eopp,  Del£b, 

749. 
FaTre  and  Silbermann,  Delfb,  93° ;  Kopp, 

95°;  Pierre,  102° 
Berthelotk  about  90^. 

■  Wurta,  about  100°. 

Eopp,  96°-'98°;  Limpricht  and  Uslar, 

V    loio. 

/Kopp,  114<>— 1150. 
Pelouie,  llOO;  Delffc,  113<^;  Kopp,  1150; 

Pierre,  1190. 
Wurts.  114<». 

VDelffl,  1140;  Xop»  about  116°. 
pelflfe,  132 ;  Otte,  Kopp,  Berthelot,  IZ'S^— 
1840. 

■  Berthelot,  about  ISO^. 

OahouTs,  125<^;  Kopp,  DelflG^  133<>. 
jLerch,  120*»;  Fehling,  162°. 

WrightBon,  about  155*'. 

DelS.  178<»— 176«>. 
(Kopp,  188;  Balaid,  about  196o. 

Dachaner,  191-1920;  Bonis,  1980. 

Cahours,  2160— 218;  Delfft,  224<». 

Brazier  and  Goe«leth,  21lo. 

Goigey,  2640;  Delf&,  2690. 

C*»H*"-*0«,  homologous  with  acetic  anhydride,  C*HH)»  (namely,  about  12-50);  in  the 
ethers  of  the  adds  OH*"-*©*,  homologous  with  oxalic  add,  C*H*0*  (namdy,  about 
14°) ;  also  in  the  carbonates,  sulphocyanates  and  borates  of  the  alcohol-radidesC'H^^*. 

Tliese  reeulta  seem  to  show  that,  as  a  rule,  the  greater  the  quantity  of  oxygen  con- 
tained in  any  series  of  compounds,  the  smaller  is  the  effect  on  the  boiling  point  of  a 
difference  of  composition  amounting  to  CH*. 

In  the  chlorides,  bromides  andi^des  of  the  alcohol-radicles  OH**'*'',  a  difference  in 
composition  of  CH*  causes  a  difference  in  boiling  point  of  from  24  to  31  degrees ;  in 
the  corresponding  sulphides  and  sulphydrates  (mercaptans)  the  difference  also  consider- 
ably exceeds  19^. 

Meaiuremeni  of  the  Timion  of  Vapours. — ^The  Tarious  methods  that  haTe 
been  employed  for  measuring  the  maximum  tension  of  Tapours  at  different  temperatures, 
depend  upon  prindples  already  explained.  We  have  here  to  describe  briefly  the 
manner  in  which  these  prindples  were  put  in  practice,  and  to  state  the  most  important 
reeulta  obtained. 

The  tension  of  rapoura  at  temperatures  below  the  ordinary  boiling  points  of  the 
corresponding  liquids,  and  therefore  at  pressures  less  than  that  of  the  atmosphere,  haye 
been  measured  by  determining  the  depression  of  the  mercury  column  of  a  barometer 
produced  by  the  saturated  rapoura  at  known  temperatures.  Fig.  543  re^resenta  the 
apparatus  employed  by  Begnault  (Relation  dts  Experiences^  &c.  p.  489)  in  his  prin- 
cipal series  of  exi)erimento  made  by  this  method.  The  liouid  whose  Tapour  is  to  be 
examined  is  contained  in  a  small  bulb  almost  completely  filled  by  it^  and  hermetically 
sealed  without  any  trace  of  air.  This  bulb  is  introduced  into  a  glass  globe,  the  neck 
of  which  is  then  drawn  out,  bent  at  a  right  an^le,  and  cemented  into  a  narrow  T-tube  of 
copper,  the  other  branches  of  which  commumcate,  one  of  them  through  a  drying  tube 
containing  pumice-stone  and  sulphuric  add,  with  an  air-pump,  the  other,  by  a  capillaiy 
tube,  with  the  top  of  a  wide  glass  tube  open  below  and  dipping  into  mercuiy.  This 
last  tube  forms  the  buxnneter,  the  depressions  of  which  are  obaeryed ;  ito  upper  part 
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18  inside  a  metal  water-bath,  one  &cc  of  which  is  formed  by  a  sheet  of  plate  gloM,  and 
in  which  are  also  contained  the  upper  part  of  an  ordhiajy  barometer,  to  eerve  as  a 
B»      c ,«  standard  of  companran,  and  the  glaaa  globe 

spoken  of  above;  this,  as  shown  in  the  figurr, 
rests  on  a  metal  ring  carried  by  a  support 
rising  from  the  bottom  of  the  bath.  Prf- 
vious  to  beginning  the  experiments,  the  in- 
side of  the  glass  ^obe  and  of  the  tabes  com- 
municating with  it  is  rendered  absolutely  dry 
by  repeatedly  pumping  out  the  air,  and  each 
time  allowing  it  to  be  filled  again  by  air  dried 
by  passing  through  the  sulphuric  acid  diyin^ 
tube.  Then,  by  bringing  a  piece  of  hot  char- 
coal near  the  outside  of  the  globe,  the  bulb 
containing  the  liquid  is  burst,  and  the  experi- 
ments are  proceeded  with  by  obserring  simul- 
taneously me  temperature  of  the  bath  in  which 
the  globe  is  immersed,  and  the  difference  in 
height  of  the  two  barometers. 

The  same  apparatus,  slightly  modifitfl, 
served  for  the  determination  of  the  ten.«<ion 
of  vapours  in  presence  of  air  or  other  gsLsea. 

For  the  determination  of  the  tension  uf 
the  vapomr  of  water  at  higher  temperature*!, 
•  Kcgnault  (ibid.  p.  615)  employed   the   ap- 
paratus represent<»d  in  fig.  644,  an  apparatus 
which   enabled  him  to  measure  the  pressure 
under  which  water  boiled  at  various  temp<»- 
ratures  (see  p.  83).     The  apparatus  consists 
of  a  copper  retort,  containing  the  water  to 
be  experimented  upon,  and  communicating, 
tlirough    a   tube  surrounded    by  cold  'water 
(whereby  the  steam  produced  is  condensed  and  whence  it  continually  flows  back  as 
water  into  the  retort),  with  a  copper  globe  of  24  litres  capacity.     This  globe  is  con- 
nected with  a  manometer  which  indicates  the  pressure  inside  the  whole  apparatus   and 


also  with  a  branch  tube  by  means  of  which  air  can  be  withdrawn  from  or  forced  into 
the  apparatus,  so  as  to  bring  the  pressiure  to  the  required  amount.  The  temperature 
of  the  boiling  water  in  the  retort  is  indicated  by  four  thermometers,  two  of  which  dip 
into  the  water,  and  two  into  the  steam.  In  order  to  preventany  alteration  in  the  capa- 
cities of  the  bulbs  of  the  thermometers,  resulting  fi-om  the  pressure  of  the  va{K>ur  nj.)ou 
tht'm,  thoy  are  encloswl  in  iron  tubes,  cloi<ed  at  the  bottom  and  containing  iiuTcury. 
The  following  tabic  gives  the  rebult*  obtained  at  intervals  of  live  degrees  bctwoiu 
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—  32^  and  +  230^,  (For  tables  of  the  tensions  of  water-yaponr  at  each  degree  centi- 
grade between  these  limits,  and  at  each  tenth  of  a  degree  between  - 10^  uid  +  35^ 
•nd  between  85^^  and  lOl^',  see  Begnanlt^  loo,  cit,  pp.  624-633.) 

Maximum  Tension  of  Water-vapour  between  -32°  and  +230®.    (Regnanlt) 


Temprrature. 

TeDtion. 
millimetres. 

Temperature. 

Tension, 
millimetres. 

Temperature. 

Tension, 
millimetres. 

-32«>    • 

0-820 

55«> 

117-478 

145® 

3125-55 

30 

0-386 

60 

148-791 

150 

3581-23 

25 

0-605 

65 

186-945 

155 

4088-56 

20 

0-927 

70 

233-093 

160 

4651-62 

15 

1-400 

75 

288-517 

165 

5274-54 

10 

2-093 

80 

354-643 

170 

5961-66 

5 

3113 

85 

433-041 

175 

6717-43 

0 

4-600 

90 

525-450 

180 

7546-39 

+   5 

6-534 

95 

633-778 

185 

8453-23 

10 

9-165 

100 

760-000 

190 

9442-70 

15 

12-699 

105 

906-410 

195 

10519-63 

20 

17-391 

110 

1075-370 

200 

11688-96 

25 

23-550 

115 

1269-410 

205 

12955-66 

30 

31-548 

120 

1491-280 

210 

14324-80 

35 

41-827 

125 

1743-880 

215 

15801-33 

40 

54-906 

130 

2030-280 

220 

17390-36 

45 

71-891 

135 

2353-730 

225 

19097-04 

50 

91-982 

140 

2717-630 

230 

20926-40 

Determinations  of  the  tension  of  water-yaponr  up  to  111  degrees  have  also  been 
made  by  Magnns  (Pc^.  Ann.  Izi.  225)  by  a  method  essentially  similar  to  the  first 
of  those  above  describea  His  results  agree  closely  with  those  of  Kegnaalt  (For  the 
older  detexminations  of  the  pressure  of  steam  at  nigh  temperatures  by  Arago  and 
Dulong,  see  Gmelin*s  Handbook,  L  262.) 

The  foUowiug  table,  by  Fairbairn  and  Tate  (PhiL  Trans.  1860,  p.  220),  gives  the 
temperatures  at  which  water  is  completely  converted  into  saturated  steam  under 
various  pressures,  together  with  the  volume  of  steam  formed  under  these  circumstances 
compared  with  that  of  the  water  from  which  it  is  produced. 

Pressure,  Temperature,  and  Volume  of  Saturated  Steam, 


Preuure. 

Temperature. 

Volume. 

iDcbes. 

MBUmetres. 

Centigrade. 

5-35 
8-62 
9-45 
12-47 
12-61 
13-62 
16-01 
18-36 
22-88 

135-9 
219-9 
240-0 
316-7 
820-2 
845-9 
406-6 
466-3 
581-2 

136-77® 

155-33 

159-36 

170-92 

171-48 

174-92 

182-30 

188-30 

198-78 

58-200 

68-51 

70-76 

77-18 

77-49 

79-40 

83-49 

86-83 

92-66 

8275-3 
5333-5 
4920  2 
8722-6 
8715-1 
8438-1 
3051-0 
2623-4 
2149-5 

53-61 

55-52 

55-89 

66-84 

76-20 

81-53 

84-20 

92-23 

90-08 

99-60 

104-54 

112-78 

122-25 

114-25 

• 

1361-7 
1410-1 
1419-6 
1697-7 
1935-4 
2070-8 
2138-9 
2342-6 
2287-9 
2529-8 
2655-2 
2864-6 
81051 
2901-9 

242-90 
244-82 
245-22 
255  50 
263-14 
267-21 
269-20 
274-76 
273-30 
279-42 
282-58 
287-25 
292-53 
288-25 

117-16 
118-23 
118-45 
12416 
128-41 
130-67 
131-77 
134-86 
134-05 
137-45 
139-21 
141-80 
144-74 
142-36 

943-1 
908-0 
892-5 
759-4 
649-2 
635-3 
605-7 
584-4 
543-2 
515-0 
497-2 
458-3 
438-1 
449-6 
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The  fbllowing  tables  contain  the  rfenlts  of  some  of  Regnanlt's  ezperimaiiti  on  the 
tension  of  the  vaponrs  of  other  Uqnids.    (M6m.  Acad.  Sciences,  xxri.  349-658.) 

Tension  of  Fapoun, 


Temperature. 

Alcohol. 

Ether, 
mm. 

Balphideof 
carbon. 

Chlofoform. 

Beniene. 

Oil  or 

turpeotfoe. 

•C. 

mm. 

mm. 

mm. 

mm. 

.    mm 

-  20 

3-8 

67-6 

43-6 

,      , 

X       4-9 

10 

6-6 

113-3 

81-0 

,      , 

13-4 

0 

12-8 

183-3 

1320 

,      , 

26-6 

2-1 

+    10 

24-3 

286-4 

2030 

,      , 

46-6 

2-9 

20 

44*6 

433-3 

8018 

160-6 

76-3 

*•*    1 

40 

183-6 

909-6 

617-0 

366-2 

1823 

ib-8  1 

60 

360-3 

1728-6 

1163-7 

7610 

388-6 

266    , 

80 

812-8 

3024-4 

2033-8 

1404-6 

766-6 

61-3    , 

100 

1694-9 

4960-8 

3329*6 

2426-6 

1362-3 

1311 

120 

3219-7 

7702-2 

6146-4 

3916-2 

2266-3 

267-2 

140 

6637-0 

,     , 

7666-9 

6966-8 

3637-0 

464-0 

160 

7268-7 

•     • 

•      • 

7226-6 

4336-7 

606-2 

Tmtion  qf  Vapours — continned. 


liqaefled  GMCt. 

Mercur,. 

Teroperft- 
ture. 

anbjdride. 

AmmonU. 

sulphjarlc 

Tempera- 
ture. 

Tendon. 

Tempera- 
ture. 

Tmdoii. 

OC. 

mm. 

mm. 

mm. 

•c. 

mm. 

*»c. 

mm. 

-78-2 

,     , 

2400 

441-4 

0 

0-0200 

120 

1-634 

40 

,     , 

628-6 

,     , 

10 

-0268 

160 

4-266 

30 

287-6 

876-6 

2808-6 

20 

•0372 

180 

11-00 

20 

479-6 

1397-7 

4273-0 

30 

•0630 

200 

19-90 

10 

762-6 

2149-6 

6946-0 

40 

•0767 

260 

76-75 

0 

1166-1 

3162-9 

7709-3 

60 

•1120 

300 

242'1 

+  10 

1719-6 

4612-2 

10896-3 

60 

•1643 

360 

663-2 

20 

24620 

6467-0 

14161-6 

70 

-2410 

400 

1587-9 

30 

3431-8 

8832-2 

18036-3 

80 

-3528 

460 

8384-3 

40 

4670-2 

11776-4 

22682-6 

90 

•6142 

600 

6620-2 

60 

6220-0 

27814-8 

100 

-7466 

620 

8264-9 

It  was  supposed  by  Dalton  that  the  tension  of  the  vapours  of  all  Hojuds  is  the  sam 
at  temperatures  equally  distant  from  their  respective  boiling  points.  The  observmtion 
from  which  the  above  tables  are  constructed  show  that  this  rule  is  not  strictly  true,  bu 
is  nearly  so  in  most  cases  for  small  intenrab  of  temperature  above  or  below  tne  boilii^ 
points:  hence,  in  order  to  correct  boiling  point  observations  for  the  variations  c 
atmospheric  pressure,  it  may  be  assumed  without  sensible  error  that  a  diflfeience  c 
pressure  equ^  to  2-7  millimetres  of  mercury  causes  a  difference  in  the  boiling  point 
of  all  liqmds,  equal  to  that  which  it  produces  in  the  case  of  water, — namely,  0*1^  C 
(see  pp.  86  and  92.) 

Tension  of  the  Vapours  of  Mixed  Liquids  and  of  Saline  ^/t^t(>n«.— Begnanlt' 
experiments  on  the  tension  of  the  rapour  of  mixed  liquids  prove  that :  (1)  when  tw 
liquids  exert  no  solvent  action  upon  each  other,  as  water  and  sulphide  of  carbon^  wat< 
and  bichloride  of  carbon  (CCl*),  or  water  and  benzene^  the  tension  of  the  vapour  ^rhic 
rises  from  a  mixture  of  them  is  wy  nearly  equal  to  the  sum  of  the  tensions  of  the  tw 
separate  liquids  at  the  same  temperature ;  (2)  with  water  and  ether,  which  dissoli 
each  other  to  some  extent,  but  not  in  all  proportions,  the  tension  of  the  vapour  of  tl 
mixture  is  much  less  than  the  sum  of  tensions  of  the  separate  liquids,  being  scarce] 
equal  to  that  of  ether  only;  (3)  when  the  two  liquids  dissolve  each  other  in  all  pr« 
portions,  as  ether  and  sulphide  of  carbon,  benzene  and  alcohol,  water  and  alcohol,  tl 
tension  of  the  vapour  of  the  mixed  liquid  is  intermediate  between  the  tensions  of  tl 
•epsnte  liquids. 

The  tension  of  the  vi^ur  of  saline  solutions  has  been  examined  byResnault  ai 
by  Wullner  (Jahresber.  1868,  42-47  ;  1860,  47-49).     Regnault's  experiments  we 
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nade  by  means  of  the  appantiui  lepreeented  in  fig.  643,  p.  92 ;  Wnllner  emplojed 
k  differently  arranged  apparatus,  bat  one  which  depended  on  essentially  the  same 
principles.  It  results  fixnn  these  iuTestigadons  that  the  tension  of  the  vapoor  of  a 
iolution  is  less  than  that  of  the  Ti^nr  of  pore  water  at  the  same  temperature,  and  that 
n  the  case  of  effloreeeent  salts  and  of  salts  that  are  permanent  in  the  air,  the  diminu- 
ion  of  the  tension  of  the  vapour  emitted  by  the  solution  is  exactly  proportional  to  the 
quantity  of  salt  dissolTed  in  a  constant  weight  of  water,  but  in  the  case  of  deliquescent 
talts  it  is  proportional  to  the  quantityof  hydrated  salt  dissolved :  «.  ^.,  for  a  solutioa 
}f  potash,  to  the  qnantity  of  ILH0.2j9^0  ;  for  a  solution  of  soda,  to  the  quantity  of 
^aUO.UH'O ;  for  a  solution  of  chloride  of  calcium,  to  the  quantity  of  CaCl*.6H^0. 
rhe  absolute  amount  of  diminution  of  tension  depends  on  the  temperature,  and  becomes 
pnviter  as  the  temperature  rises. 

Tension  of  Vapours  in  an  unevenly  heated  sjaaee, — In  an  aidosed  space,  the  tempo- 
■ature  of  which  is  different  at  different  parts,  tne  vapour  of  a  liquid  can  assume  a  state 
>f  statical  equilibrium  only  when  its  tension  is  equal  to  the  maximum  tension  corre- 
ipondinff  to  the  temperature  of  the  coldest  part  of  the  space.  If  the  vapour  has,  to 
)egin  with,  a  greater  tension  than  this,  liquefaction  will  take  place  in  the  coldest  part, 
once  the  preosure  is  greater  than  that  which  the  vapour  can  support  at  the  tempe- 
rature of  this  part^  and  this  process  will  continue  until  the  tension  throughout 
Jie  whole  space  is  reduced  to  tne  point  already  stated.  It  is  upon  this  principle 
that  the  process  of  distillation,  and  the  action  of  the  condenser  of  the  steam  engine, 
lepend. 

Oompiete  Vaporiaaiion  of  Liquids  under  great  pressures, — ^When  the  temperature  of 
I  liquid  is  raised  sufficiently  hi^  vaporisation  occurs  under  the  highest  pressure  to 
irhich  the  substance  can  be  subjected.  Alcohol,  ether,  or  rock-oil,  enclosed  in  a  tube 
)f  strong  g^ass  or  iron,  is  completely  converted  into  vapour  only  when  the  roace  not 
3ccupied  by  the  liquid  is  someidiat  greater  than  the  volume  of  the  liquid  itseul  With 
rock-oil  the  emptgr  space  may  be  somewhat  smaller  than  with  alcohol,  and  with  ether 
still  less.  Alcohol  when  thus  heated  acquires  increased  mobility,  expands  to  twice  its 
original  volume,  and  is  then  suddenlv  converted  into  vapour.  This  change  takes  place 
at  207^  C.  (404*6<>  Fah.),  when  the  alcohol  occupies  just  half  the  volume  of  the  tube ; 
if  the  tube  is  more  than  half  filled  with  alcohol,  it  bursts  when  heated.  A  glass  tube 
one-third  filled  with  water  becomes  opaque  when  heated,  and  bursts  after  a  few 
seconds.  If  this  chemical  action  of  the  water  on  the  glass  be  diminished  by  the  addi- 
tion of  a  litUe  carbonate  of  soda,  the  transparency  of  the  glass  will  be  much  less 
impaired ;  and  if  the  space  occiqiied  by  the  water  be  t  of  the  ivhole  tube,  the  liquid  will 
be  converted  into  vapour  at  about  the  temperature  of  melting  zinc  (Cagniard  de  la 
T our). — ^If  liquid  carbonic  anhydride  sealed  in  a  glass  tube  occupies  |§  of  the  volume  of 
the  tube  at  0^,  it  neither  increases  nor  diminishes  in  bulk  when  heated,  because  the 
increase  of  volume  produced  by  heating  is  just  compensated  by  the  diminution  caused 
by  vaporisation.  If  it  occupies  ^  of  the  space  at  0*^,  its  volume  diminishes  when  it  is 
heated,  and  increases  when  it  is  coined,  because  the  loss  by  evaporadon  preponderates 
over  the  expansion.  If  it  takes  i^  f  of  the  space,  its  volume  increases  by  heat  and 
contracts  by  cold,  as  in  a  thermometer ;  but  at  -i-  30°  (86^  Fah.)  the  whole  is  converted 
into  vaiK>ur.  The  gns,  which  at  CP  occupies  the  space  above  the  liquid  carbonic  anhydride 
would,  if  condensM,  vield  X  of  its  volume  of  hquid  add ;  and  that  which  is  produced 
at  -I-  30°  would  give  |  (}?  Umelin)  of  its  volume  of  liquid  carbonic  anhydride  at  (P, 
(Thilorier.) 

When  chloride  of  eth^  was  heated  in  a  very  thick  sealed  tube,  the  upper  surface  ceased 
to  be  distinctly  marked  at  about  170°,  and  was  replaced  by  an  ill  defined  nebulous  zone 
possessing  no  reflecting  power ;  as  the  temperature  rose,  this  sone  increased  in  width  in 
both  directions,  becoming  at  the  same  time  more  and  more  transparent^  After  a  time, 
the  liquid  was  entirely  converted  into  vapour,  and  the  tube  became  quite  tnmsparent 
und  apparently  empty.  As  the  temperature  fell,  the  same  phenomena  were  reproduced 
in  the  opposite  order  (Drion,  Ann.  Ch.  Phys.  [3]  Ivi  33).  Similar  t^peaiances  were 
observed  on  heating  ether  in  a  sealed  tube  to  about  190°.  According  to  Drion,  the 
temperat-ure  at  which  ether  is  completely  vaporised,  in  a  space  nearly  three  times 
its  original  volume,  is  190*5°.  The  precise  temperatures  observed  in  these  experiments 
are,  however,  of  no  real  significance,  unless  tbey  are  accompanied  by  accurate  determi- 
nations of  the  corresponding  real  volumes  of  the  liquid  and  vapour. 

It  has  been  similarly  observed  by  Andrews  that  when  liquia  carbonic  anhydride  was 
gradually  heated  to  31°,  the  surface  of  demarcation  between  the  liquid  and  gas  became 
fainter,  lost  its  curvature,  and  at  last  disappeared.  The  space  was  then  occupied  by  a 
homogeneous  fluid,  which  exhibited,  when  the  pressure  was  suddenly  diminished,  or 
the  temperature  slightly  lowered,  a  peculiar  appearance  of  moving  or  flickering  striae 
throughout  its  entire  mass.  At  temperatures  above  31°  no  apparent  liquefaction  of 
carbonic  anhydride  or  separation  into  two  distinct  forms  of  matter  could  be  effected, 
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even  when  a  pressure  of  300  or  400  atmospheres  was  appb'ed.    Nitrous  oxide  gate 
similar  results.  (Andrews,  in  Miller's  Chemical  PhyaicSj  ed.  1803,  pp.  328,  329.) 

Latent  Heat  of  Vaporisation. — ^Wben  heat  is  imparted  to  a  volatile  liquid,  its 
effect  is,  at  most  temperatures^  twofold.  Part  of  it  goes  to  increase  the  temperature  of 
the  liquid,  and  part  to  cause  vaporisation.  But  when  a  liquid  is  boiling  under  constant 
pressure,  however  much  heat  is  communicated  to  it,  the  whole  of  it  is  absorbed  in  pp> 
ducing  the  second  of  these  effects  only.  Conversely,  when  heat  is  withdrawn  from  a 
saturated  vapour,  under  a  pressure  which  is  maintained  constant,  the  vapour  is  changt^ 
into  a  liquid,  without  alteration  of  temperature.  The  consumption  of  heat  in  vapoiis)- 
tion,  without  the  production  of  a  corresponding  elevation  of  temperature,  and  its  erolD- 
tion  during  condensation,  unaccompanied  by  a  corresponding  fall  of  temperature,  were 
first  observed  by  Black.  These  phenomena  were  described  by  him  by  saying  t^at 
during  the  former  process,  a  certain  quantity  of  sensible  heat  became  latent,  and  that 
this  latent  heat  became  sensible  again  during  condensation.  The  quantity  of  heat  thst 
must  be  given  to  a  liquid  to  convert  it  into  vapour,  or  which  must  be  withdrawn  from 
a  vapour  to  convert  it  into  liquid,  without  causing  change  of  temperature,  is  still  spoken 
of  as  the  latent  heat  of  vaporisation. 

The  determination  of  this  quantity  is  made  by  determining  the  speeifie  heat  of  the 
substance  for  an  interval  of  temperature  within  which  it  passes  from  the  liquid  to  tL( 
vaporous  state,  or  fnce  verad^  and  is  therefore  in  principle  similar  to  the  determinatioc 
of  the  latent  heat  of  fluidity  (p.  77)*  The  following  table  gives  the  number  of  units  o1 
heat  which  must  be  imparted  to  a  unit  of  weight  of  various  liquids  at  their  respectirt 
boiling  points,  in  order  to  convert  them  into  vapours  at  the  same  temperatures.  Th^ 
letters  F  S  in  the  third  and  sixth  columns  denote  that  the  determinations  were  m&d< 
by  Favreand  Silbermann  (Ann.  Chinu  Phys.  [3]  xxxvii.  464-470);  the  letter i 
denotes  determinations  by  Andrews  (Chem.  Soc.  Qu.  J.  i  27);  and  Bg,  h) 
Begnault 

Latent  Heat  of  Vapours, 


Latent 

Latent 

Substance. 

Heat  of 
Vapour. 

ObterTen. 

Subttance. 

Heat  of 
Vapour 

Obserrert. 

Water    . 

636-77 

FS 

Valeric  add  . 

103-62 

FS 

»f       •       •       • 

636-90 

A 

Butyric  acid  . 

114-67 

n 

„       •       •       . 

636-67 

Kg 

1  Acetate  of  ethyl     . 

106-80 

n 

Bromine 

46-60 

A 

»»          »i            • 

92-68 

A 

Trichloride  of  phos-) 

phoroB                  ) 

Sulphide  of  car-  / 

61-42 

n 

!  Acetate  of  methyl  . 
Formate  of  ethyl    . 

110-20 
106-80 

t» 

86-67 

Formate  of  methyl 

117-10 

n 

bon    .        .         1 

" 

Iodide  of  ethyl 

46-87 

ft 

Tetrachloride  of  tin 

3-063 

„ 

I  Iodide  of  meUiyl    . 

46-07 

yt 

Alcohol .        . 

208-92 

FS 

1  Oxalate  of  ethyl     . 

72-72 

y* 

!       „      . 

202-40 

A 

1  Butyrate  of  methyl 

87-33 

FS 

Metifiylic  alcohol     . 

263-86 

FS 

Ethal     .        .        . 

58-44 

„ 

It            »» 

263-70 

A 

Oil  of  turpentine    . 

68-73 

yy 

Amy  lie  alcohol 

121-37 

FS 

Terebene 

67-21 

Ether    . 

9111 

»f 

Oil  of  lemons 

7002 

„ 

90-46 

A 

Hydrocarbons  from 

Amylic  ether . 

69-40 

FS 

amylic  alcohol : 

'  Acetic  acid    . 

101-91 

*» 

(a).(B.P.205O) 

59-91 

^^ 

Formic  add  . 

1 

120-72 

»i 

(6).  (B.  P. -250°) 

69-71 

99 

The  latent  heat  of  vaporisation  varies  with  the  temperature  at  which  the  vapour 
formed ;  more  heat  is  for  instance  required  to  convert  a  given  quantity  of  water  i 
50°  into  vapour  of  the  same  temperature  than  to  produce  the  same  change  in  water  i 
100°.  It  was  supposed  by  Watt  that  the  latent  heat  of  vaporisation  diminished  exacti 
at  the  same  rate  as  the  sensible  heat  increased,  so  that  the  sum  of  the  two  remains 
constant  at  all  temperatures.  But  Begnault  {Relation  des  ExpSrieTices,  &< 
pp.  636 — 728;  also  Works  of  the  Cavendish  Society^  voL  i.  p.  294)  has  shown  th- 
this  is  not  the  case.  He  finds  that  the  total  quantity  of  heat  X  (expressed  in  heat-unit; 
which  a  unit  of  weight  of  saturated  aqueous  vapour  contains  at  the  temperature  t^  C 
exceeds  the  amount  contained  in  the  same  weight  of  water  at  0°  by  the  quantity 
X     =.     606-5  +  0-305  f. 

If  from  this  we  subtract  the  quantity  of  heat  which  a  unit  of  weight  of  water  at 
contains,  beyond  that  which  is  contained  in  the  same  weight  of  water  at  0°  (see  R.-j 
nault's  determinations  of  the  specific  heat  of  water  at  different  temperatures,  p.  34 
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we  thai]  obuin  the  latent  heat  L  of  the  Tapour  of  water  at  the  tempemtore  t^.  Thn 
values  of  A,  and  L  for  various  temperatures  are  given  in  the  next  table,  together  with 
tlie  tensions  expressed  in  millimetres  and  atmospheres. 


Latent. 

Beat  of  Water-  Vapour, 

1      Temperature. 

TeiuioQ. 

X 

L 

mm. 

• 

atm. 

o^C. 

4  60 

0006 

606-6 

606-5 

60 

9198 

1121 

621-7 

671-5 

10(1 

76000 

1000 

6370 

636-6 

160 

3681-23 

4-712 

662-2 

600-7 

200 

11688-96 

16-380 

667-6 

464-3 

230 

20926-40 

27-635 

676-6 

441-9 

The  following  formubs  represent  in  like  manner  the  results  of  Regnault*s  deter- 
minations (Mim.  Acad.  Sciences,  xxvl  881)  of  the  total  heats  of  vaporisation  of  several 
other  substances  at  various  temperatures : 


Sulphide  of  carbon : 

Ether: 

Benzene: 

Chloroform : 

Perchloride  of  carbon  (CCl') : 

Acetone: 


X  -    90-0  +  0' 14601  t  -  00004128  fi, 
A  -    94-0  -I-  0-4600  t    -  0*0006666  <>. 
A  »  109-0  -t-  0*2443  t    -  00001316  <*. 
A  =r    67*0  +  01375  i. 
A  -    620  ^  0-1463  t    -  0-000172  <•. 
A  -  140*5  +  0-3664  t    -  0000516  ^. 


Tl)e  following  table  gives  the  total  heats  of  vaporisation  of  some  additional  liquids 
at  the  temperatures  at  which  thej  boil  under  the  ordinary  atmospheric  pK9Bmut 
{tbitLdlZ): 


Total 

Tnt.l 

SubftUnce. 

Roiling 
Point. 

He  tof 

VaporuM- 

tiuD. 

SubftUnce. 

HniHiig 
Fuitit. 

Meat  of 

VM|N>rt«st- 

tioii. 

60-95 

Alcohol 

78*26^ 

265-62 

Bromine  . 

60° 

Amylie  alcohol 

132 

211-78 

Chloride  of  tin 

114 

46-84 

Oil  of  lemons 

174*80 

160-49 

Chloride  of  arsenic  . 

133 

69-74 

Oil  of  turpentine  . 
Petrolene 

l.iS;-16 

139-15 
194-87 

Trichloride  of  phos- 1 
phorus         .          ( 

73-80 

67-24 

Chloride  of  ethyl  . 

12*60 

97*70 

Acetate  of  ethyl 

74 

154-49 

Iodide  of  ethyl      . 

71 

58-95 

Regnault  finds,  as  the  result  of  direct  experiments  {ibid.  903),  "  that  the  total  heat 
of  vaporisation  of  a  liquid  in  a  current  of  gas  is  equaU  to  that  which  the  same  liquid  ab- 
m>rbs  when  it  boils  in  an  atmosphere  formed  by  its  own  vapour,  and  exerting  an  elastic 
force  equal  to  that  actually  acquired  by  the  vapour  of  the  bqnid  in  the  cuirent  of  gas." 

Coid  produced  by  Vaporisation.  Liquefaction  of  Gases. — ^When  the  evaporation  of 
a  liquid  is  hastened  by  reducing  the  pressure  upon  it  and  continuall^jr  removing  tha 
vapour  which  forms,  or  by  exposing  a  large  surface  and  rapidly  renewing  the  atmo- 
sphere in  contact  with  it,  the  consequent  absorption  of  heat  is  such,  in  the  case  of  the 
more  volatile  liquids,  as  to  produce  a  very  considerable  fall  of  temperature.  Water, 
for  instance,  may  be  frozen  bv  placing  it  under  the  exhausted  receiver  of  an  air-pump 
near  a  vessel  of  strong  sulphuric  acid  (Leslie).  The  rapid  volatilisation  of  more 
volatile  liquids  produces  stnl  more  striking  results,  and  in  fact  constitutes  the  most 
effectual  means  xnown  of  producing  extremely  low  temperatures. 

By  causing  a  rapid  stream  of  dry  air  from  the  bellows  of  a  glass-blowers'  lamp  to 
bubble  by  several  tubes  at  once  through  about  200  grammes  of  ether,  Lo  i  r  and  Br  ion 
(Bull  Soic.  Chim.  Paris,  L  184 ;  S^ce  du  22  Juin,  1860)  succeeded  in  reducing  the 
temperature  of  the  liquid  to  —34^  in  4  or  6  minutes,  and  maintaining  this  temperature 
veij  nearly  constant  for  at  least  16  or  20  minutes.  At  this  temperature  considerable 
quantities  of  cyanogen  can  be  condensed  at  the  atmospheric  pressure.  The  condensa- 
tion of  this  gas  begins  under  these  circumstances  at  about  —22^;  b^  blowing  gently 
on  the  sur&ce  of  the  condensed  liquid  with  a  common  pair  of  bellows  it  is  immediately 
caused  to  solidify.  By  similar  means,  sulphurous  anhydride  is  easily  liquefied. 
Chlorine  does  not  condense  under  the  common  pressure  at  —34^,  but  by  using  liquid 
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sulphurous  anhydride  in  place  of  ether,  a  temperature  of  -  60**  can  be  produced,  and 
this  is  amplj  sufficient  for  the  liquefaction  of  both  chlorine  and  ammonia.  Lastly,  by 
("Taporating  liquid  ammonia  (which  boils  in  the  air  at  —  Z6'7*^)  in  an  exhausted  receirer 
over  sulphuric  acid,  they  attained  the  temperature  of  about  —87°,  at  which  point  the 
ammonia  solidified,  and  carbonic  anhydride  condensed  to  a  liquid  at  the  common  atmo- 
spheric pressure. 

An  apparatus  for  the  liquefaction  of  ammonia,  to  be- used  for  refrigeration,  has  been 
described  by  Regnault  (M^m.  Acad.  Sciences,  xxvi.  609),  and  a  very  simple  con- 
trivance for  the  same  purpose  was  exhibited  by  Carr^  at  the  International  Exhibition 
in  London  in  1862.  (For  a  description  and  figure  of  the  last  apparatus,  see  Miller's 
Chemical  Physics,  ed.  1863,  p.  298,  footnote.) 

Several  gases  can  be  liquefied  by  increased  pressure  alone,  without  reducing  their 
temperature  below  that  of  the  atmosphere.  The  necessary  pressure  can  onen  be 
attained  by  evolving  the  gas  in  an  enclosed  space  (as  in  a  sealed  glass  tube) ;  under 
these  circumstances,  the  elastic  force  continues  to  increase  until  the  point  of  maximum 
tension  is  reached,  and  then  liquefaction  occurs.  In  this  way,  carbonic  anhydride  may 
be  liquefied  by  its  own  pressure  when  it  is  evolved  from  acid  carbonate  of  sodium  and 
dUuted  sulphuric  add  in  a  strong  wrought  iron  bottle  connected  witii  a  wrought  iron 
receiver.  When  the  liquid  carbonic  auhydride  thus  produced  is  allowed  to  escape  in  a 
fine  stream  into  the  air,  part  of  it  is  immediately  iraporised,  and  the  consequent  absorp- 
tion of  heat  is  sufficient  to  cause  the  remainder  to  condense  to  a  white,  crystalline 
solid,  like  snow.  The  principle  of  this  method  was  first  put  in  practice  by  Faraday 
in  experiments  on  the  small  scale ;  an  apparatus  in  which  considerable  quantities  of 
liquid,  carbonic  anhydride  could  be  thus  prepared  was  first  devised  and  constructed  by 
Thilorier. 

The  pressure  necessary  for  the  liquefaction  of  eases  may  also  be  produced  by  com- 
pressing them  by  means  of  a  foroe-ptunp,  as  in  Natter er*  s  apparatus  for  the  lique- 
faction of  nitrous  oxide. 

By  the  evaporation  of  gases,  condensed  by  any  of  the  processes  above  indicated,  the 
lowest  temperatures  yet  attained  can  be  produced,  the  greatest  degree  of  cold  hitherto 
recorded  being  — 140°,  the  temperature,  according  to  Natterer,  of  a  mixture  of  liquid 
nitrous  oxide  and  bisulphide  of  carbon  evaporating  in  vacuo. 

Still  more  powerful  means  of  liquefactio;i  than  those  already  mentioned,  were  em- 
•  ployed  by  Faraday  in  his  later  experiments  on  this  subject  (Phil.  Trans.  1845,  p,  170), 
and  he  thereby  succeeded  in  reducing  to  the  liquid  state  all  known  gases,  with  the 
exception  of  oxypn,  hydrogen,  nitrogen,  nitric  oxide,  carbonic  oxide,  and  marsh-^as, 
— and  in  solidifying  the  greater  number  of  theuL  The  method  adopted  was  to  subjp<^ 
the  gases  to  the  joint  action  of  powerful  mechanical  pressure  and  extreme  cold.  The 
first  object  was  attained  by  the  successive  action  of  two  air-pumps,  the  first  having  a 
pi.ston  one  inch  in  diameter,  the  second  only  half  an  inch.  The  first  produced  a 
pressure  of  about  20  atmospheres,  the  second  increased  it  to  upwards  of  60.  The 
tubes  into  which  the  gas  thus  condensed  was  made  to  pass  were  of  green  bottle- 
glass,  from  J  to  J  of  an  inch  in  external  diameter,  and  had  a  curvature  in  one  portion 
of  their  length  adapted  for  immersion  in  a  freezing  mixture.  The  mixture  employed 
consisted  of  solid  carbonic  anhydride  and  ether.  The  cold  produced  by  it  amounted  to 
—  76*6°  in  the  open  air,  and  to  — 110°  under  the  exhausted  receiver  of  the  air-pump. 

Many  gases,  when  subjected  to  this  extreme  degree  of  cold,  were  liquefied  without 
the  use  of  the  condensing  apparatus :  this  was  the  case  with  chlorine,  cyanogen,  am- 
monia, sulphuretted  hydrogen,  arseniuretted  hydrogen,  hydriodic  acid,  hydrobromic 
acid,  carbonic  anhydride,  ethylene,  nitrous  oxide,  and  oxide  of  chlorine.  Fluoride  of 
silicon  liquefied  at  a  pressure  of  9  atmospheres.  The  following  were  solidified  when 
subjected  to  the  action  of  the  carbonic  anhydride  bath  in  vacuo:  hydriodic  acid,  hydrobro- 
mic acid,  sulphurous  anhydride,  sulphuretted  hydrogen,  carbonic  anhydride,  oxide  of 
chlorine,  cyanogen,  ammonia,  and  nitrous  oxide.  The  following  gases  did  not  solidify, 
«ven  at  the  lowest  temperature  that  could  be  obtained :  ethylene,  fiuoride  of  silicon, 
fluoride  of  boron,  phosphoretted  hydrogen,  hydrochloric  acid,  and  arseniuretted  hydrogen. 
The  six  gases  mentioned  at  the  commencement  of  the  preceding  paragraph  showed  no 
signs  of  liquefiiction  when  cooled  by  the  carbonic  anhydride  bath  in  vactw :  hydrogen 
and  oxygen  at  27  atmospheres,  nitrogen  and  nitric  oxide  at  60,  mrbonic  oxide  at  40, 
and  marsh-gas  at  82  atmospheres. 

Andrews  has  since  succeeded  in  exposing  these  gases  to  still  greater  pressures,  but 
without  producing  b'quefaction,  although  a  bath  of  ether  and  soud  carbonic  anhydride 
was  used ;  air  was  reduced  to  ^  of  its  bulk,  oxygen  to  ^  hydrogen  to  jjs,  carbonic 
oxide  to  ^,  and  nitric  oxide  to  ^  of  its  original  volume.  Hydrogen  ana  carbonic 
oxide  departed  less  from  -Boyle*s  law  than  oxygen  and  nitric  oxide. 

Distillation.  —  One  of  the  processes  most  frequently  resorted  to  by  the  chemist 
fbr  the  purpose  of  separating  diflfcrent  substances  is  to  expose  the  mixture  containing 
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Xhtm  to  a  tempcmtupe  at  which  the  constituent  it  is  m'shod  to  isolate  rises  In  vapour, 
while  the  others  remain  still  solid  or  liouid.  The  ordinary  methods  of  performing 
this  operation  of  distillation,  and  the  apparatus  commonly  employed  are  too 
familiar  to  every  chemist  for  it  to  be  necessary  to  describe  them  here  in  detail.  (For 
a  full  description  of  the  process  and  the  modifications  that  become  deeirable  in  parti- 
cular casefs  the  reader  is  referred  to  A  Handbook  of  Chemical  Manij^ulaiion^  by 
C.  Oreville  Williams,  London,  1867,  pp.  202-244.) 

When  the  li(|uid  submitted  to  distillation  is  a  mixture  of  two  or  more  substances  or 
unequal  volatility,  the  vapour  formed  when  ebullition  begins  f^nerally  contains  a 
larger  percentage  of  the  most  volatile  constituent  than  the  liquid  remaining  in  the 
r»»tort  Honce,  the  composition  of  the  liquid  alters  as  the  distillation  continues,  and  its 
boiling  point  rises  accordinglpr.  On  the  other  hand,  if  the  boiling  point  of  a  liquid 
remains  constant  during  distillation,  it  is  usually  an  indication  that  its  composition  is 
unaltered  by  the  process,  and  therefore  that  the  composition  of  the  distillate  also 
continues  the  same  throughout.  The  boiling  point  of  a  liquid  becomes  therefore  a  very 
useful  indication  of  the  uniform  or  varying  nature  of  the  products  of  ita  distillation, 
and  by  collecting  apart  the  portions  which  pass  over  at  different  temperatures,  a 
mixture  of  different  liquids  may  often  be  to  a  great  extent  resolved  into  its  constituenta. 
It  seldom  happens,  however,  except  with  a  mixture  of  two  liquids  whose  boiling  points 
ape  very  distant  ftom  each  other,  that  a  single  operation  of  this  kind  gives  either  con- 
stituent in  a  state  of  purity.  This  is  especially  the  case  when  the  distillation  is  performed 
in  a  retort  or  other  vessel  which  allows  the  vapour  to  pass  to  the  condenser  almost 
immediately  after  its  formation.  Under  these  circumstances,  the  distillate  obtained  at 
any  period  of  the  operation  is  almost  identical  in  composition  with  the  vapour  that  is 
rising  from  the  liquid,  and  therefore  contains  a  certain  quantity  of  every  constitneift  of 
the  liquid  that  produces  vapour  of  sensible  tension  at  the  temperature  at  which  ebulli- 
tion is  going  on.  Hence,  in  order  to  effect  any  great  amount  of  separation  in  this 
manner,  the  distillate  must  be  collected  in  separate  factions,  each  of  them  corresponding 
to  a  definite  interval  of  temperature  ;  each  fraction  must  then  be  fractionally  distilled 
by  itself,  in  the  same  way  as  the  oricinal  liquid,  the  products  which  pass  over  between 
the  same  temperatures  on  the  second  distillation  of  the  first  ftactions  being  collected 
togetiier;  and  this  process  must  be  repeated  as  long  as  any  further  s^aration  into 

Fig,  545. 


distinct  constituents  can  be  effected.  These  numerous  re-distillations  may  often  be 
considerably  curtailed  by  using,  instead  of  a  retort*  a  flask  fitted  with  a  rather  wide 
branched  tube,  of  the  form  shown  in  fiq.  645.  The  thermometer  is  inserted  into  the 
upright  limb  of  the  branclied  tube,  and  is  so  adjusted  in  the  cork  or  piece  of  india-rubber 
tulx'  which  holds  it  in  its  pbice,  that  the  top  of  the  bulb  is  just  below  the  opening  of 
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the  side  branch  by  which  the  vapour  passes  to  the  condenser.  In  an  apparatus  t 
arranged,  the  yaponr  rising  from  the  hquid  comes  in  contact  with  a  considerable  snri 
of  ghi^  cooled  by  contact  with  the  air,  before  it  is  able  to  leave  the  distilling  Teasel : 
consequence  is  that^  in  proportion  as  it  rises  above  the  surface  of  the  boiling  liquid 
becomes  more  ^d  more  completely  freed  from  its  less  volatile  constituents ;  and  the 
pour  which  ultimately  reaches  the  condenser,  at  any  stage  of  the  operation,  is  identi 
with  the  most  volatile  portions  that  would  be  obtained  by  the  repeated  fractional  dib 
lation  of  the  liquid  resulting  from  the  complete  condensation  of  the  vapour  existing  in 
flask  at  the  time.  In  fact,  one  distillation  made  in  this  way  is  equivalent  to  several  mj 
in  a  retort ;  nevertheless,  this  method  is  not  always  applicable,  since  the  temperature 
the  boiling  liquid  requires  to  be  alwavs  considerably  higher  than  that  of  the  liquid  wh 
is  actually  distilling,  otherwise  the  whole  of  the  vapour  would  be  condensed  before  re* 
ing  the  exit  tube — and  this  would  sometimes  cause  chemical  alteration  of  the  substaxi 

The  composition  of  the  distillate  which  a  liquid  yields  at  any  period  of  its  distillat 
does  not  depend  solely  upon  the  tension  of  the  vapours  of  its  several  constituents  at  \ 
temperature  of  ebullition ;  it  is  greatly  influenced  also  by  their  relative  proportio 
and  by  the  densities  of  their  vapours.  In  distilling  a  volatile  liquid  containing  a  sn 
quantity  of  a  less  volatile  one  (for  instance,  benzene  containing  a  little  water),  it  it 
very  often  be  noticed  that  the  whole  of  the  less  volatile  constituent  is  contained  in  1 
first  few  drops  of  the  distillate.  This  is  because  the  latter  substance  produces  Tap 
of  whatever  tension  corresponds  to  the  temperature  of  ebullition  of  the  mass  of  1 
Uquid,  just  as  a  larger  quantity  of  it  would  do ;  this  vapour  diffuses  itself  through  tJ 
of  the  more  volatile  constituent  and  is  carried  forward  with  it  into  the  condenser ; 
further  quantity  of  the  less  volatile  vapour  is  then  formed,  and  the  process  contini 
thus  until  the  whole  of  the  less  volatile  liquid  has  been  volatilised,  although  the  te 
perature  may  not  have  approached  within  many  degrees  of  its  boiling  point. 

The  influence  of  the  vapour-densities  of  the  several  constituents  of  a  mixed  liqu 
upon  the  rapidity  with  which  they  respectively  distil,  has  been  specially  pointed  out 
Wanklyn  (ProcRoy.  Soc.  xiL  634)  and  by  Berthelot  (Compt.  rend.  Ivii.  430).  Let 
ing  out  of  consideration  the  influence  of  the  lidhesion  of  the  ingredients  for  each  otfa 
the  quantity  of  each  ingredient  which  distils  may  be  found  by  multiplying  its  tensi 
at  the  boilmg  point  of  the  mixture  by  its  vapour-density.  Hence,  the  hquid  wlu 
vapour  has  the  highest  tension  will  not  necessmly  distil  the  quickest:  what  the  oU 
liquids  want  in  tension,  they  mav  make  up  by  the  greater  density  of  the  vapours  wfai 
they  give  off.  Wanklyn  gives  the  following  experiment  in  illustration  of  this  effet 
18  grms.  of  methylic  alcohol — ^boiling  point  66^,  vapour-density  1*107 — ^was  mixed  wi 
'  17  grms.  of  iodide  of  ethyl — boiling  pomt  72°  vapour-density  5*397 — and  the  mixtx 
was  distilled  until  rather  more  than  one-third  had  passed  over.  The  distillate  (I'l 
grms.)  consisted  of  6*0  grms.  of  methylic  alcohol  and  87  grms.  of  iodide  of  eth; 
showing  that  the  less  volatile  constituent,  owing  to  its  greater  densit}'  of  vapour,  hJ 
distilled  most  quickly.  When  the  vapour-densities  and  tensions  are  inversely  propc 
tional,  the  mixture  must  distil  over  unchanged.  This  influence  of  vapour-density  go 
a  great  way  to  explain  why  homologous  bodies  are  so  difficult  to  separate  by  fra^on 
distillation.  The  more  complex  the  formula  the  higher  the  boiling  point,  but  also  ti 
higher  the  vapour-density,  and  therefore  the  greater  the  value  of  the  vapour.  It  al 
explains  why  oils,  &c.  distil  so  readily  in  steam ;  for  aqueous  vapour  is  one  of  tl 
lightest,  whue  oily  vapours  are  generally  heavy.    (Wanklyn,  loc.  cit,) 

The  action  of  the  sun  upon  uie  water  at  the  sur&ce  of  the  earth  causes  a  natnr 
process  of  distillation  upon  an  enormous  scale  to  be  always  going  on.  The  wat 
evaporated  from  the  earth's  surface  rises  in  the  atmosphere  as  vapour,  and  being  aite 
wanis  deprived  of  its  heat  of  vaporisation — partly  by  radiation  into  space,  and  partly  I 
eontact  with  mountain  summits,  or  with  the  cold  air  existing  at  hi^h  elevations 
returns  to  the  earth  in  the  various  forms  of  dew,  mist,  rain,  snow,  hail,  &c  In  th 
way  an  immense  quantity  of  water  is  being  continually  lifted  from  the  sea-level, 
large  proportion  of  which  does  not  fall  again  directly  into  the  sea,  but,  being  deposits 
on  elevated  portions  of  the  land,  becomes  the  inexhaustible  source  whence  streams  an 
rivers  are  suppUed.  The  watery  vapour  which  reaches  the  higher  and  colder  regioi 
of  the  atmosphere,  is  there  condensed  into  snow.  This,  as  it  falls  again  towards  tli 
earth,  returns  to  the  condition  of  water,  if  the  air  through  which  it  passes  is  sufficient! 
warm  to  liquefy  it ;  but  part  of  it  reaches  the  earth  unmelted,  and  that  which  faU 
upon  regions  whose  mean  temperature  is  below  zero,  accumulates  to  form  the  enormou 
misses  of  ice  known  as  glaciers.  Now  it  is  universally  admitted  by  geologists  thai 
at  an  epoch  by  no  means  (^^logically)  remote,  extensive  glaciers  existed  where  noi^ 
have  been  known  within  historic  times,  and  that  glaciers  which  still  exist  had  then  i 
very  much  greater  extent  In  order  to  account  for  the  former  existence  of  so  muc) 
larger  a  quantity  of  ice  at  the  surface  of  tlie  earth  than  that  which  is  now  to  be  found 
it  hM  often  been  supposed  that,  at  the  period  when  this  occurred,  the  mean  tempera 
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lore  of  the  earth  was  considerably  lower  than  at  present  But,  asTyndallhas  pointed 
out  {Heat  considered  as  a  Mode  of  Motion^  pp.  192,  193),  even  admitting  euch  to 
have  been  the  case,  the  observed  result  would  not  hare  followed.  If  cold  is  necessary 
to  condense  the  vapour  of  water  into  ice,  heat  is  no  less  needed  for  the  first  production 
of  the  vapour.  Hence  the  condition  of  the  earth  which  is  in  reality  indicated  by  the 
vast  development  of  glaciers  in  former  ages,  is  one  in  which  the  process  of  distillation 
went  on  more  rapidly.  These  considerations  have  been  recently  carried  ftirther  by 
Frankland.  He  has  shown,  by  the  comparison  of  well-established  data,  that  the 
height  of  the  line  of  perpetual  snow  above  the  sea-level  at  different  parts  of  the  earth, 
depends,  not  only  upon  the  temperature,  but  also  upon  the  amount  of  atmospheric  pre- 
cipitation which  takes  place ;  and  he  concludes,  horn  Tyndall's  experiments  on  the 
absorption  and  radiation  of  heat  hj  aqueous  vapour  (see  Radiatioic  op  Hsat),  that 
the  condensation  of  the  vapour  contained  in  the  atmosphere  takes  place  chiefly  by  the 
direct  radiation  of  its  heat  of  vaporisation  into  space.  If  this  conclusion  is  correct^ 
condensation  must  have  occurred  with  nearly  equal  readiness  at  all  stages  of  the  earth's 
history,  and  all  that  was  therefore  necessary  to  cause  a  greater  atmospheric  precipita- 
tion in  past  times,  was  a  more  rapid  supply  of  aqueous  vapour.  Hence,  according  to 
Frankland,  the  glacial  epoch  of  the  geologists  is  an  indication  of  a  higher  mean  tempe- 
rature of  the  earth's  sur&ce  in  former  ages,  and  not  of  a  lower  temperature.  The 
climatological  conditions  of  this  epoch  he  considers  to  have  been  anecessaiy  consequence 
of  the  continuous  cooling  of  the  earth's  crust  from  the  high  temperature  which  it  is 
admitted  to  have  had  at  a  still  earlier  era  to  that  which  it  has  at  present.  In  the 
earlier  ages  alluded  to,  the  temperature  of  the  earth  is  supposeil  to  have  been  such  that 
a  great  part  of  the  waters  of  our  present  ocean  must  have  existed  as  vapour ;  and  not- 
withstanding that  rapid  condensation  of  this  vapour  must  have  occurred,  the  surface  of 
the  earth  was  too  hot  to  allow  the  precipitated  water  to  accumulate  as  ice.  But  as  thn 
cooling  prooressed,  the  temperature  of  the  land  would  fall  more  quickly  than  that  of 
the  ocean  ;  hence  a  period  would  arrive  when  the  former  would  be  so  far  cooled  that 
ice  could  accumulate  upon  it,  while  the  temperature  of  the  water  still  remained  such 
that  evaporation,  and  consequently  condensation,  went  on  much  more  rapidly  than  at 
present  It  is  during  this  period  that^  according  to  Frankland,  the  glacial  epoch  occurred. 
Its  cessation  he  attributes  to  the  Airther  action  of  the  same  cause  as  that  which  produced 
it ;  namely,  to  the  progressive  cooling  of  the  earth,  which  has  now  arrived  at  such  a 
point  that  evaporation  no  longer  taJces  place  with  sufficient  rapidity  to  supply  the 
materials  required  for  the  formation  of  the  enormous  glaciers  of  former  agee.  It  is 
impossible  to  discuss  here  the  cause  of  the  former  hi^h  temperature  of  the  earth's  f-tir 
face,  indicated  by  the  tropical  fauna  and  flora  wliicli  proonled  the  glacial  epoch,  and, 
according  to  Frankland,  by  the  glacial  epoch  itself;  but  it  has  been  proved  by 
Thomson  that,  for  ages  long  anterior  to  either  of  the  periods  referred  to,  the  internal 
hoat  of  the  earth  can  have  produced  no  sensible  effect  upon  the  climate  of  the  surface. 

Just  as  in  the  process  of  distillation,  as  carried  on  in  the  laboratory,  there  is  a  trans- 
ference of  heat  from  the  retort  to  the  condenser,  and  consequently  a  constant  ten<lpncy 
to  the  approximation  of  their  temperatures :  so  one  of  the  effects  of  the  great  natural 
process  of  distillation  is  the  partial  equalisation  of  the  temperature  of  different  ports  of 
the  earth's  surface,  and  of  the  different  strata  of  the  atmosphere. 

Various  instruments  and  processes,  mostly  depending  on  principles  already  explained 
in  this  article,  have  been  proposed  for  measuring  the  quantity  of  aqueous  vapour  exist- 
ing in  the  air  at  any  given  time.  A  full  description  of  all  the  most  important  of  them 
will  be  found  in  the  article  Htobometbb. 

Sublimation. — When,  during  the  distillation  of  a  volatile  substance,  the  temperature 
of  the  receiver  is  kept  so  low  that  the  vapour  which  enters  it  poiises  at  once  into  the 
solid  state,  without  previous  liquefaction,  the  proce^  is  called  sublimation,  and  the 
product  a  sublimate.  This  process  is  oflen  resorted  to  for  the  purification  of  sub- 
stances which  volatilise  rapidly  at  temperatures  below  their  melting  points. 

duuMTOS  of  Pbjrsieal  Btmotnre.— Some  solid  substances  are  capable  of  existing 
nnder  two  or  more  forms  distin^ished  from  each  other  by  differences  of  specific  cranty, 
hardness,  crystalline  form,  fusibility,  optical  and  electrical  properties,  &c.  Carbon, 
for  instance,  exists  as  diamond,  graphite,  and  charcoal,  as  well  as  in  other  secondary 
modifications ;  phosphorus  occurs  either  as  an  easily  liisible,  translucent,  yellowish, 
crystalline  substance,  or  as  a  mudi  less  fusible,  opaque,  amorphous  body  of  a  brick-red 
colour;  and  so  for  many  other  substances,  simple  and  compoimd.  It  thus  often 
happens  that  the  different  modifications  of  the  same  substance  differ  more  in  their 
physical  properties,  than  other  substances  do  which  are  chemically  distinct ;  and  \h9 
passage  from  one  modification  to  another,  though  not  amounting  to  a  change  of  state  of 
aggregation,  may  be  considered  as  a  phenomenon  of  the  same  class  as  such  changes 
Accoi^ngly.  it  has  been  found,  in  all  cases  in  which  this  point  has  been  investigated, 
that  the  passage  of  a  aolid  body  from  one  modification  lu  another,  is  attended  either 
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with  deTelopm^t  or  with  abaorption  of  heat.  The  experiments  which  have  been  ma 
on  this  subject  are  not  numerous  enough  to  enable  any  p;eneral  conclusions  to  be  drai 
from  them  with  great  certainty,  but  they  appear  to  indicate  that  development  of  he 
usually  attends  the  passage  from  a  vitreous  or  amorphous  condition  to  a  crystalli] 
condition,  and  consequently  that  the  opposite  change  is  accompanied  by  absorption  of  hei 
The  following  are  examples  of  transformations  of  the  kind  under  consideration :. 
1.  If  mcdted  susar  be  allowed  to  cool  to  about  38^,  and  then,  while  it  is  still  soft  ai 
viscid,  be  rapidly  and  frequently  extended  and  doubled  up,  till  at  last  it  consists  • 
threads,  as  in  drawn  sugar,  the  temperature  of  the  mass  quickly  rises  so  as  to  beeoo 
insupportable  to  the  hand.  After  t^is  liberation  of  heat,  the  susar  on  again  cooliuj 
is  no  longer  a  glass,  but  consists  of  minute  ciystalline  grains  and  has  a  pearly  lustr 
The  same  change  may  occur  in  a  gradual  manner,  as  when  a  clear  stick  of  barley-sogi 
becomes  white  and  opaque  in  the  atmosphere  (G- rah  am,  Elements  of  Chemistry,  2n 
ed.  i.  45). — 2.  When  the  soft  vitreous  sulphur,  obtained  by  pouring  sulphur  melted  \ 
180^  or  200^  into  cold  water,  is  gradually  heated  in  an  air-bath  of  which  the  tempen 
ture  is  about  98**,  the  temperature  of  the  sulphur,  as  soon  as  it  reaches  93®,  risi 
suddenly  to  110®,  and  it  then  passes  immediately  into  the  hard  crystalline  state  whk 
it  would  have  assumed  gradually  at  the  ordinary  temperature  (Kegnault,  Ann.  C\ 
Phys.  [3]  L  205).  The  prismatic  crystals  of  siuphur  obtained  by  fusion  have  bee 
long  known  to  pass  gradually  into  octahedral  crystals.  The  same  change  takes  pU( 
much  more  quickly  when  the  crystals  are  agitated,  or  when  they  are  put  in  conta^ 
with  sulphide  of  carbon,  even  if  this  liquid  is  already  saturated  with  snlpbn 
Mitscherlich  found  that  the  rapid  transformation  of  prismatic  into  octahedral  so. 
phur  which  occurs  under  these  circumstances  was  attended  by  the  evolution  of 
quantity  of  heat  sufficient  to  raise  the  temperature  of  the  stdphur  employed  bj  12^,  c 
which,  taking  into  account  the  specific  heat  of  sulphur,  amounted  to  2*27  units  of  hei 
per  gramme  of  sulphur  (ibid.  uvi.  124).  Favre,  who  has  estimated  by  an  indire^ 
process  ( Jahresber.  1853,  p.  29)  the  heat  evolved  in  the  transformation  of  one  variet 
of  sulphur  into  another,  finds  that  the  quantity  of  heat  liberated,  when  one  equiraler 
(16  parts)  of  ordinary  sulphur  is  converted  into  the  modification  insoluble  in  sulphiti 
of  carbon,  amounts  to  3102  units,  and  that  the  conversion  into  the  same  modificatio 
of  one  equivalent  of  soft  vitreous  sulphur,  evolves  3804  units  of  heat. — 3.  Soleniun 
when  completely  melted  and  then  rapidly  cooled,  constitutes  a  black  mass  with 
brilliant  surface  and  a  frtu;ture  exactly  resembling  that  of  obsidian  or  of  black  gli!L» 
When  this  is  heated  very  gradually,  a  sudden  rise  of  temperature  to  200^  or  230®  take 
place  as  soon  as  the  thermometer  arrives  at  96®  or  97^.  The  selenium  is  afterwards  f. 
a  bluish  grey  colour,  and  has  a  distinctly  metallic  lustre.  Its  fracture,  instead  of  bein 
vitreous,  now  shows  a  fine  granular  structure  like  that  of  grey  cast  iron.  The  hea 
evolved  in  the  transformation  is  estimated  byBegnaultas  sufficient  to  raise  the  tem 
perature  of  the  selenium  operated  upon  by  more  than  200  degrees  (Ann.  Cb.  Phyj 
[3]  xlvi  290). — 4.  According  toFavre  {loc.  cit\  28,246  units  of  heat  are  evolved  whei 
one  equivalent  (31  parts)  of  common  phosphorus  is  converted  into  red  phosphoros.- 

5.  The  transformation  of  1  grm.  of  arragonite  into  calc-spar  corresponds  to  the  eyolntioi 
of  12*9  units  of  heat  (Favre  and  Silbermann,  Ann.  Ch.  Phys.  [31  xxxviL  436).- 

6.  Many  amorphous  minerals  and  artificially  prepared  metallic  oxides  become  tem 
porarily  incandescent  when  gently  heated,  and  are  then  found  to  have  become  crystaUin 
without  having  imdergone  any  futeration  in  weight.  Gadolinite  (silicate  of  yttrium 
exhibits  this  behaviour  in  a  remarkable  degree.  (For  further  examples  of  analoguu 
changes,  see  Gmelin's  Handbook^  i.  104-107.) 

The  existence  of  osone  seems  to  prove  that  the  same  chemical  substance  may  exi& 
even  in  the  gaseous  state,  in  more  than  one  modification,  and  analogy  renders  it  pro 
bable  that,  when  such  is  the  case,  the  transformation  of  one  modification  into  the  othe 
is  attended  by  calorimetric  phenomena.  Sulphur-vapour  at  temperatures  only  slight  I 
above  the  boiling  point  of  sulphur,  and  at  800®  and  upwards,  is  an  instance  of  anothe: 
kind  of  diffiirence  in  the  properties  of  one  and  the  same  gaseous  substance,  which  un 
doubt  edlv  depends  on  the  quantity  of  heat  present  in  it,  although  the  heat  needed  t< 
change  the  one  modification  into  the  other  has  not  been  measured. 

4. — Relations  of  Heat  to  Chemical  Affinity. 

Whatever  maybe  the  real  nature  of  that  property  of  matter  called  chemiea 
affinity,  by  virtue  of  which  mutual  alterations  of  composition  occur  when  chemicallj 
dissimilar  bodies  are  brought  together  under  appropriate  conditions,  one  most  im- 
portant fact  is  clearly  established  with  regard  to  it ;  namely,  that  its  manifestation! 
are  always  accompanied  by  the  production  or  annihilation  of  heat.  Change  of  compo- 
sition,  or  diemical  action,  and  heat  are  mutually  convertible :  a  given  amount  oJ 
chemical  action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity  oJ 
heat  must  be  directly  or  indirectly  expended,  in  order  to  reverse  or  undo  the  chemical 
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■ctioD  that  lias  produced  it.  The  production  of  heat  by  chemical  action,  and  the 
definite  quantitative  relation  between  the  amount  of  heat  evolved  and  the  quantify  of 
chemical  action  which  takes  place,  aze  roughly  indicated  by  the  facts  of  our  most 
faiiiiliav  experience ;  thus,  for  inatance,  the  only  practically  important  method  of  pru- 
duciug  heat  artificially  conaiata  in  changing  the  elements  of  wood  and  coal,  together 
with  atmospheric  oxygen,  into  carbonic  anhydride  and  water,  and  every  one  knows  that 
the  heat  whioh  can  be  thus  obtained  from  a  given  quantity  of  coal  is  limited  and  is  at 
lea«t  approximately  always  the  same. 

The  accurate  measurement  of  the  quantity  of  heat  produced  by  a  given  amount  of 
chemicad  action  is  a  problem  of  veiy  great  difficulty ;  chiefly  because  chemical  changes 
very  seldom  take  place  alone,  but  are  almost  always  accompanied  by  physical  changes 
involvuig  further  calorimetric  effects,  each  of  which  requires  to  be  accurately  measured 
and  allowed  for,  before  the  effect  due  to  the  chemical  action  can  be  rightly  estimated. 
Thus  the  ultimate  result  comes,  in  most  cases,  to  be  deduced  from  a  great  number  of 
independent  measurements,  each  of  which  is  liable  to  a  certain  amount  of  error.  It  is 
therefore  not  surprising  that  the  results  of  various  experiments  should  differ  to  a  com- 
paratively great  extent,  and  that  some  uncertainty  should  still  exist  as  to  the  exact 
quantity  of  heat  corresponding  to  even  the  simplest  cases  of  chemical  action. 

Beat  ewotwed  In  rm^tA  Oombiuitloiis. — The  reactions  in  which  the  evolution  of 
heat  is  most  strikingly  evident,  are  of  course  those  which  are  accompanied  by  visible  incan- 
descence or  combustion ;  and,  accordingly,  tlie  earliest  experiments  on  the  heat  of  chemi- 
cal action  had  reference  solely  to  the  heat  disengaged  in  rapid  combustions.  Lavoisier 
and  Laplace  were  the  first  investigators  of  thin  subject.  Their  experiments,  made 
about  1780,  consisted  in  ascertaining  the  quantity  of  ice  which  could  be  melted  by 
burning  in  a  current  of  air  known  weights  of  the  substances  examined.  In  1814, 
Count  Rumford  made  experiments  of  asimiliir  kind  by  means  of  a  water-calorimeter. 
His  chief  object  was  to  ascertain  the  relative  r^iloritic  values  of  the  principal  combustible 
substances  in  actual  use  as  fuel,  and  from  this  point  of  view  his  results  still  possess 
considerable  value,  although  they  cannot  lay  claim  to  scientific  accuracy.  In  order  to 
counteract  the  infiuence  of  the  air  and  other  external  objects  upon  the  temperature  of 
his  calorimeter,  or  at  least  to  reduce  that  influence  to  a  minimum,  Rumford  began 
each  experiment  when  the  water  of  the  calorimeter  was  as  much  colder  than  the  sur- 
rounding air,  as  (he  had  found  by  preliminary  trials)  it  would  be  hotter  at  the  end  of  the 
ex[>erimcnt  In  this  way,  the  calorimeter  gained  heat  from  the  air  during  the  first 
half  of  each  operation,  and  lost  an  almost  exactly  equal  quantity  during  the  second 
half,  so  that  the  total  effect  was  almost  no-  i^-    r  4g 

thing.     This  artifice,  employed  for  the  flr^t  ^' 

time  by  Rumford,  has  been  adopted  in  nearly 
every  subsequent  investigation  relating  to 
caloriraetry.  The  experiments  of  Rumford 
\vei*e  followed  by  those  of  C  r  a  wfor  d,  Dal- 
ton,  and  Clement  Desormes.  and  more 
iiicntly  by  the  investigations ofDespretz 
and  Dulong.  The  researches  of  the  last 
named  physicist  were  left  unfinished  at  his 
death,  but  the  results  obtained  appear  to 
have  been  much  more  accurate  than  those 
of  his  predecessors.  The  most  exact  and 
comprehensive  researches  hitherto  made 
into  this  subject  are,  however,  those  of 
Favre  and  Silbermann  (Ann.  Ch.  Phys. 
[3]  xxxiv.  367  :  xxxvi.  5  :  xxxvii.  406),  and 
Andrews  (Phil.  Mag.  [31  xxxii.  321  and 
426). 

The  calorimeter  employed  by  Favre  and 
Silbermann  in  their  experiments  on  com- 
bustion in  oxygen  gas,  and  in  other  actions 
whereby  large  quantities  of  heat  were  ge- 
nerated, is  represented  in  section  in  fy.  546, 
the  scale  of  which  is  one-fifth  of  that  of  the 
actual  apparatus.  The  calorimeter,  pro- 
perly so  called,  is  the  cylindrical  vessel  C  C  C, 
made  of  copper  plated  externally  with  silver 
and  brightly  ix)lished,  and  closed  by  a  cover 
of  the  same  material.     This  is  surrounded  - 

by  a  second  veswjl,  />/>,  also  of  silvered  copper,  but  having  the  polished  surface  inside, 
the  space  between  C  and  h  being  tilled  with  swan's  down ;  outside  this  again  is  a  thirvl 
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Tessel,  cee,to  the  bottom  of  which  b  is  firmly  connected  by  screw-bolts.  The  amral 
space  which  separates  this  vessel  from  b  contains  water,  the  temperature  of  whieb 
indicated  by  the  thermometer  ^,  and  which  serves  to  neutralise  the  effect  of  aoddeDi 
variations  of  the  temperature  of  the  atmosphere.  The  chamber  in  which  the  combi 
tions  take  place  is  made  of  gilt  copper-plate,  and  is  represented  by  A.  When  t 
combustions  are  to  be  made  in  oxygen,  the  gas^  previously  purified,  enters  this  chamb 
by  the  tube  d ;  the  products  of  combustion  escape,  if  gaseous,  by  the  vertical  tube  «,  ai 
pass  from  thence  into  the  serpentine  8,  where  Uiey  give  up  their  heat  to  the  water 
the  calorimeter,  and  then  finally  leave  ^e  apparatus  by  the  upper  part  of  the  tube 
when  no  gaseous  products  are  formed,  the  extremity  of  this  tube  is  closed.  If  t^ 
substance  to  be  burned  is  a  gas,  it  enters  the  combustion-chamber  by  a  jet  connecti 
with  the  tube  o ;  solid  bodies  are  attached  to  fine  platinum-wires,  suspended  from  ti 
cover  B,  which  closes  the  combustion-chamber ;  liquids  are  burned  in  small  capenli 
or  in  lamps  with  asbestos  wicks  ;  charcoal  is  placed  in  a  sort  of  sieve,  through  ti 
openings  of  which  the  oxyeen  has  access  to  it  The  progress  of  the  combustion  can  ' 
watch^  in  the  minor  m  through  a  window  in  the  tube  ^low  composed  of  a  triple  di 
of  glass,  alum,  and  quartz.  The  temperature  of  the  water  in  the  calorimeter  is  ke 
unirorm  throughout  by  means  of  the  agitator  aaa^  which  is  moved  by  special  mechanisi 
In  aU  cases  where  it  was  practicable  to  do  so,  Favre  and  Silberroann  deduced  t 
quantity  of  substance  burned  from  the  weight  of  the  products  of  combustion. 

The  apparatus  employed  by  Andrews  was  of  much  simpler  construction.  When  tl 
substances  to  be  combined  were  in  the  gaseous  state,  ana  the  products  of  oombustii 
were  also  gaseous,  the  two  gases  were  mixed  in  the  proper  proportions,  as  in  a  eudiom 
trie  experiment,  and  introduced  into  a  vessel  of  thin  sheet  copper,  of  about  24  cut 
inches  capacity.  This  vessel  was  closed  by  a  screw,  through  which  passed  a  silver  wii 
insulated  fi!om  it  by  a  cork,  and  connected  by  a  thin  platinum  wire  within  the  vess 
to  a  second  silver  wire  soldered  to  the  screw  itsel£  By  passing  a  voltaic  curre 
through  the  platinum  wire  for  an  instant^  it  could  be  heated  to  redness  and  the  ^aseoi 
mixture  exploded.  The  copper  vessel  was  introduced  into  a  larger  vessel,  which  w, 
filled  up  with  water:  this  was  suspended  in  a  cylinder  provided  with  a  movable  cove 
and  the  whole  was  enclosed  in  an  outer  cylindrical  vessel,  arranged  so  as  to  admit 
its  being  made  to  rotate  upon  its  shorter  axis.  The  apparatus  having  been  mouDte 
was  caused  to  rotate,  so  as  to  bring  every  part  to  a  uniform  initial  temperature,  whic 
was  carefully  read  off  by  a  very  sensitive  thermometer.  The  thermometer  was  the 
withdrawn ;  the  gases  exploded;  the  outer  vessel  of  water  closed  by  a  cork ;  and  tl 
apparatus  caused  to  rotate  for  thirty-five  seconds.  The  thermometer  was  then  agai 
introduced  and  the  rise  of  temperature  ascertained ;  after  which  the  apparatus  wi 
made  to  rotate  a  third  time  for  thirty-five  seconds,  and  the  temperature  again  observer 
in  order  to  ascertain  the  cooling  effect  of  the  atmosphere  upon  the  apparatus  duric 
the  time  that  the  experiment  lasted :  it  was  found  that  this  effect  seldom  exceeded  ^ 
of  the  total  quantity  to  be  measured. 

When  solid  bodies  were  burned  in  oxygen,  the  combustion  was  effected  in  a  coppt 
vessel,  of  about  250  cubic  inches  in  capacity,  which  was  filled  with  oxygen  ;  a  know 
weight  of  the  combustible  was  placed  in  a  small  platinum  dish,  and  when  all  was  read^ 
it  was  fired  by  means  of  a  voltaic  current  sent  through  a  veiy  fine  platinum  wire.  Th 
vessel  in  which  the  combustions  took  place  was  immersed  in  a  large  cylinder  containin 
a  known  quantity  of  water,  and  surrounded  by  an  outer  vessel  of  tin-plate,  to  prever 
radiation.  The  copper  vessel  could  be  moved  up  and  down  in  the  water  by  means  of 
lever.  Particular  expedients  were  sometimes  required  to  insure  ignition:  thus,  i 
burning  zinc-filings  and  other  metals  in  oxygen,  a  small  frtigment  of  phosphorus  (fror 
1  to  8  milligrammes)  was  employed  to  kinme  the  metal ;  the  weight  of  the  phosphoru 
being  known,  the  heat  CTolved  by  it  could  be  calculated  and  deducted  from  the  tot« 
amount  produced.  Some  of  these  experiments  lasted  a  quarter  of  an  hour  and  upwaixii 
so  that  the  correction  for  the  cooling  effect  of  the  air  became  of  considerable  importance 

When  the  combustions  were  made  in  chlorine,  the  substance  to  be  burned  was  en 
closed  in  a  thin  glass  bulb,  which  was  broken  by  agitation  after  being  immersed  in  th 
gas ;  in  these  experiments  it  was  not  necessary  to  apply  heat  to  cause  the  combustioi 
to  begin.  The  cnlorine  itself  was  usually  contained  in  a  glass  vessel,  filled  with  it  b; 
displacement ;  in  the  experiments  on  potassium,  a  brass  vessel  was  used,  perfectly  dr 
chlorine  having  no  action  on  brass.  An  excess  of  the  metal  was  always  used,  so  as  r' 
insure  the  complete  absorption  of  the  chlorine,  and  the  quantity  of  the  latter  substann 
consumed  was,  in  most  cases,  ascertained  by  weighing  the  quantity  of  water  whicl 
rushed  into  the  vessel  after  the  experiment  on  opening  it  under  water. 

The  following  table  gives  the  quantities  of  heat,  expressed  in  heat-xmits  (gTamm<^ 
degrees),  evolved  in  the  combustion  of  various  elementary  substances  in  oxygen,  referrcc 
^1)  to  1  grm.  of  each  element  burned,  (2)  to  1  grm.  of  oxygen  consumed,  (3)  to  1  aton 
(expressed  in  grms.)  of  the  several  elements. 
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fUkitamrr. 

UnlUofhMt  erolTed 

Obcerror. 

by  1  gnn.  of 

bj  1  grm.of 

by  1  at.  of 

•ttbttancft. 

oxjirrn. 

•ubttaoce. 

Hydrogen      . 

H«0 

(83881 
) 34462 

4235 
4308 

33881 
34462 

Andrews. 

Favre  &  Silbermann. 

Ctfbon: 

Wood-chaiooal 

C0« 

)7900 
8080 

2962 
3030 

94800 
96960 

Andrews. 

FaTie  &  Silbermann. 

Oas-retort  carbon 

ff 

8047 

3018 

96664 

ff 

NatiTe  graphite    . 

>» 

7797 

2924 

93664 

fft 

Artificial  graphite 

n 

7762 

2911 

93144 

t 

Diamond     . 

ff 

7770 

2914 

93940 

M 

Sulphur: 

NatiTe 

SO* 

2220 

2220 

71040 

t$ 

Becentlj  melted  . 

n 

2260 

2260 

72320 

ff 

Flownrs 

ft 

2307 

2307 

73821 

Andrews. 

Phosphorus: 
(yellow)       . 

P«0* 

5747 

4454 

178157 

•• 

Zinc       . 

ZnO 

1330 

5390 

86450 

Iron 

PeK)* 

1582 

4153 

88592 

n 

Tin        .        .        . 

SnO« 

1147 

4230 

135360 

ft 

.Copper  . 

CuO 

603 

2394 

88304 

•f 

KoTK — Andrews*  drteriiiinaHon*  have  b««o  rncalcnlNtad  from  the  original  experlaentHi  number*, 
utiDK  the  atomic  weiichta  and  ipecific  gravities  of  gases  adopted  in  this  Oirtionnry,  and  therefore  ti<e 
numberi  in  the  above  fable  do  not  alw^vs  aureo  precisely  with  those  contained  in  the  general  table  of 
results  which  he  has  himself  given  (Phil.  Mag.  [3}  xxxii.  48*i). 

The  following  results  have  been  obtained  by  the  complete  combustion  of  partially 
oxidised  substances : 


Substance. 

Product. 

Units  of  heat  evolved 

Obterrer. 

bylgrm. 
of  sub- 
stance. 

bi  formation  of  1  mole- 
cule nf  the  ultiroate 
product. 

Carbonic  oxide  . 

Stannous  oxide  . 
Cuprous  oxide    . 

C0« 

SnO« 
CuO 

(2403 

)2431 

519 

256 

67284 
68064 
69584    . 
18304 

Pavre  &  Silbermann. 
Andrews. 

ff 

»» 

The  substances  enumerated  in  this  table  contain  exactly  half  as  much  oxygen  as 
the  completely  oxidised  products,  and  on  comparing  the  amount  of  heat  erolred  in  the 
formation  of  one  molectue  of  stannic  or  cupric  oxide  from  the  corresponding  lower 
oxide,  with  the  onantity  produced  when  a  molecule  of  the  same  product  is  formed  by  the 
complete  oxidation  of  the  metal  in  one  operation  (see  prerious  table),  we  find  that  the 
combination  of  the  second  half  of  the  oxysen  contained  in  these  bodies  erolres  sensibly 
half  as  much  as  the  combination  of  the  whole  quantity.  In  the  formation  of  carbonic 
anhydride,  howeTcr,  the  second  half  of  the  oxygen  appears  to  develope  more  than  two- 
thixds  of  the  total  amount  of  heat ;  but  this  result  is  probably  due,  m  part  at  least,  to 
the  &ct  that  when  carbon  is  burned  into  carbonic  anhydride,  a  confddeniMe  but 
unknown  quantity  of  heat  is  expended  in  conrerting  the  solid  carbon  into  gas,  and 
thus  escapes  measurement ;  while,  in  carbonic  oxide,  the  carbon  already  exists  in  the 
gaseous  form,  and  therefore  no  portion  of  the  heat  evolved  in  the  combustion  of  this 
substance,  is  similarly  expended  in  producing  a  change  of  state. 

It  seems  probable  also,  that  a  similar  explanation  may  be  given  of  the  inequalities 
in  the  quantities  of  heat  produced  by  the  combustion  of  different  varieties  of  pure  ciir- 
bon  and  of  sulphur, — that  is  to  say,  that  a  portion  of  the  heat  generated  by  the 
combustion  of  diamond  and  graphite  goes  to  assimilate  their  molecular  condition  to 
that  of  wood-charcoal,  and  that  there  is  ftn  analogous  expenditure  of  heat  in  the  com- 
bustion of  native  sulphur:  indeed,  with  regard  to  the  latter  case,  it  is  proved  hy  direct 
experiments  (see  p.  102),  that  the  opposite  change  to  that  supposed  to  take  place  here 
of  recently  melted  sulphur  into  the  same  molecular  condition  as  native  sulphur  is 
accompanied  by  disengagement  of  heat. 
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In  like  manner,  the  heat  evolved  in  combustions  may  in  some  cases  be  in  nccess  ot 
that  doe  to  the  strictly  chemical  acUon  which  takes  place :  thns,  when  the  product  of 
combustion  is  solid,  part  of  the  heat  most  be  ascribed  to  the  solidiAcation  of  tne  arj^en 
absorbed.  Again,  the  heat  of  combustion  of  hydrogen,  as  giTen  above,  includes  the 
latent  heat  of  vaporisation  of  the  water  formed.  In  Andrews'  experiments  the 
temperature  of  the  calorimeter  was  about  20°  C. :  at  this  temperature  tne  latent  heat 
of  vaporisation  of  9  grms.  of  water  (the  quantity  formed  from  1  grm.  or  atom  of 
hydrogen)  may  be  taken  as  —  6600 ;  and  deducting  this  quantity  from  33,881,  we  have 
28,381  as  the  number  of  units  of  heat  evolved  by  the  chemical  combination  of  1  grm. 
hydrogen  and  8  grms.  oxygen,  according  to  these  experiments.  Favre  and  Silbermann 
do  not  give  the  temperature  of  their  calorimeter,  but  probably  the  same  correction 
may  be  applied  to  their  experiments  without  much  error:  they  then  give  34,462 — 
6500  B  28,962  as  the  true  heat  of  combustion  of  1  grm.  of  hydrogen. 

The  experiments  which  have  been  made  on  the  heat  of  combustion  of  definite 
compounds,  other  than  the  three  already  mentioned,  relate  almost  exclusively  to  bodice 
composed  of  carbon  and  hydrogen,  or  of  carbon,  hydrogen,  and  oxygen.  The  results 
obtained  by  Favre  and  Silbermann  and  Andrews  are  contained  in  the  following  table. 
The  numbers  here  given  represent  the  total  heat  produced,  and  therefore  incbide  that 
due  to  the  condensation  of  the  vapour  of  water  formed  in  the  experiments. 

Many  of  these  numbers  must  be  regarded  as  approximations  onlv  (and  sometimes 
as  not  very  close  approximations)  to  the  truth.  The  chief  causes  of  uncertainty  with 
regard  to  them,  besides  the  difficulties  inherent  in  the  experimental  determinations 
themselves,  are  the  different  calorimetric  properties  of  the  substances  examined — 
differences,  that  is,  in  regard  to  specific  and  latent  heats — and,  in  some  cases,  their 
admittedly  doubtfiil  purity.  Hence  it  is  impossible  to  trace  any  exact  correspondence 
between  the  composition  of  the  bodies  experimented  upon,  and  the  amount  of  heat 
which  they  evolve  upon  combustion.  A  few  general  conclusions  are,  however,  indicated 
with  sufficient  clearness  to  make  it  worth  while  to  dwell  upon  them  briefiy. 

In  the  first  place  it  appears  that  the  heat  of  combustion  of  a  compound  is  in  general 
less  than  the  heat  of  combustion  of  its  elements.  This  rule  is  verified  in  the  case 
of  all  the  hydrocarbons  given  in  the  table,  with  the  exception  of  oleiiant  gas,  whoso 
heat  of  combustion  is  almost  exactly  the  same  as  that  of  its  constituents,  according  to 
Favre  and  Silbermann's  determinations,  and  somewhat  greater,  according  to  Andrews. 
When  a  hydrocarbon  is  burned  into  carbonic  anhydride  and  water,  the  chemical  change 
which  takes  place  consists,  not  merely  in  the  union  of  carbon  and  hydrogen  with  oxygen, 
but  also  in  their  separaHon  from  their  previous  st.ite  of  combination  with  each  other. 
Now,  it  is  an  almost  self-evident  proposition,  and  one  which  has  moreover  rec<-ir«nl 
direct  experimental  confirmation,  that  whatever  may  be  the  calorimetric  effect  of  any 

S'ven  chemical  change,  the  calorimetric  effect  of  its  reversal  is  equal  and  opposite, 
ence,  if  we  suppose  the  combination  of  carbon  and  hydrogen — to  form  marsh-gas, 
for  example — to  be  accompanied  by  evolution  of  heat,  we  must  suppose  that  their 
separation  is  attended  by  the  disappearance  of  an  equal  quantity  of  heat.  The  heat 
produced  by  the  combustion  of  one  molecule  of  marsh-gas,  CH*,  is  therefore  less  than 
the  quantity  due  to  the  combustion  of  one  atom  of  (gaseous)  carbon  and  four  atoms  of 
hydii>gen,  by  the  quantity  of  heat  absorbed  when  these  atoms  separate  from  combina- 
tion with  each  other.  Assuming  (for  want  of  more  certain  data)  that  the  heat  of 
combustion  of  an  atom  of  gaseous  carbon  is  twice  that  of  a  molecule  of  carbonic  oxide, 
we  have,  for  the  heat  of  combustion  of  C  +  H*  (in  round  numbers).  134,600  +  (4  x  34.460) 
=  272,440 ;  but  the  heat  of  combustion  of  CH*  is  209,000,  which  gives  272,440  -  209,000 
=  63,440  as  the  number  of  units  of  hejit  produced  by  the  combination  of  1  atom  of  ftirboii 
with  4  atoms  of  hydrogen,  or  absorbed  when  these  atoms  separate.  In  like  manner, 
we  have,  for  the  heat  of  combustion  of  C*  +  H*,  (2  x  134,600)  +  (4  x  34,460) -407.040 
units ;  and  deducting  from  this  the  heat  of  combustion  of  olefiunt  gas,  we  have 
407,000  —  332,000  =  76,000  for  the  calorimetric  effect  due  to  the  separation  of  the  atoms 
of  a  molecule  of  defiant  gas  from  each  other.  The  difference  between  63,400  (the  heat 
of  formation  of  CH*)  and  76,000  (the  heat  of  formation  of  C^'H*),  namely  11,600,  may 
perhaps  be  token  as  representing  the  calorimetric  effect  of  the  combination  or  separa- 
tion of  the  two  atoms  of  carbon  contained  in  olefiant  gas.  The  fact  that  the  heat  of 
combustion  of  olefiant  gas,  as  found  by  direct  experiment,  is  very  nearly  equal  to  the 
sum  of  the  heats  of  its  constituents,  when  the  heat  of  an  atom  of  carbon  is  taken  at 
96,960  units,  the  quantity  deduced  from  the  combustion  of  wood-charcoal,  probably 
indicates  that  the  heat  of  vaporisation  required  to  change  the  physical  condition  of 
two  atoms  of  carbon  from  that  of  wood-charcoal  to  that  which  it  has  in  the  form  of 
olefiant  gas,  is  nearly  the  same  as  the  heat  required  lo  separate  the  atoms  of  a  molecule 
of  olefiant  gas  from  each  other.  That  the  heat  of  vaporisation  of  carbon  is  yery  con- 
siderable is  further  indicated  by  the  great  difference,  already  alluded  to,  between  tho 
calorific  effect  of  tlie  first  and  second  atoms  of  oxygen  contained  in  carbonic  tinhydride. 
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UiiiU  of  heal  evolved. 

M"ie- 

SabBUoM, 

Forxnula. 

calar 

•right. 

by  1  trm. 
of rub- 
siaoce. 

bj  1  mnlfcul* 
of^ub- 

8UDC«. 

Observer. 

(13108 
1 13063 

209728 

Andrews. 

Hazsh-gas 

CH« 

16 

209008 

(  Favre  and 
)  Silbermann. 

(11942 
< 11853 

834376 

Andrews. 

Olefiantgas    . 

C!«H* 

28 

332024 

FaTre  and 
1   Silbermann. 

Amylene 

OW* 

70 

11491 

804370 

» 

Paramylene    . 

C'*H" 

140 

11308 

1582420 

»» 

(from  amjlie  alcohol 

C"H« 

164 

11262 

1734348 

n 

boiling   point  180*') 

Cetylene 

C»«H» 

224 

11056 

2476328 

II 

Metamylene    . 

C»H- 

280 

10928 

3069840 

fi 

Oil  of  lemons . 

C»*Hw 

136 

10959 

1490424 

If 

Oil  of  turpentine     . 

C'*H'« 

136 

10852 

1475872 

»> 

Terebene 

C»«H'« 

136 

10662 

1450032 

II 

Ether     .... 

C*H»«0 

74. 

9028 

668072 

II 

Amylic  ether  (impure  ?)  . 

C'*H«20 

158 

10188 

1609704 

II 

Methylie  alcohol     . 

CH*0 

32 

6307 

169824 

ti 

Ethylic  alcohol 

C'H«0 

46 

5  7184 
{6850 

330464 
315100 

II 

Andrews. 

Amylic  alcohol 

C»H»«0 

88 

8959 

788392 

{  Favre  and 
I  SUbermann. 

CetyUe  alcohol: 
(latent  heat  of  ftudon 

C"H»H) 

242 

10629 

2572218 

It 

added) 

Formic  acid    . 

CHK)» 

46 

2091 

96186 

II 

Acetic  acid 

C'H^O' 

60 

3506 

210300 

>i 

Butyric  add    . 

C*H-0« 

88 

6647 

496936 

»» 

Valeric  acid    . 

C*H'»0« 

102 

6439 

656778 

If 

Palmitic  acid . 

C'«H«0* 

256 

9316 

2384896 

If 

Stearic  acid    . 

CiiH««o« 

284 

9716 

2759344 

M 

Formate  of  methyl . 
AcetAte  of  methyl    . 

C*H*0« 

60 

4197 

261820 

•• 

C»H»0« 

74 

6342 

395308 

ff 

Formate  of  ethyl    . 
AcetAte  of  ethyl 

C»HH)« 

74 

6279 

390646 

fl 

C*H"0« 

88 

6293 

563784 

ft 

Butyrate  of  methyl 

C»H«*0« 

102 

6798 

693447 

If 

Butyrate  of  ethyl    . 

C«H'»0« 

116 

7091 

822556 

II 

Valerate  of  methvl. 
Valerate  of  ethyl    . 
Acetate  of  amy! 

C«H'K)« 

116 

7376 

865616 

II 

C'H'<0« 

130 

7836 

1018550 

tf 

C'H"0« 

130 

7971 

1036230 

„ 

Valerate  of  amyl 

C'«H»0« 

172 

8544 

14695GS 

ff 

PalmitAte  of  cetyl 
(spermaceti) 

C«H»«0» 

480 

10342 

4964160 

ff 

Hydrate  of  phenyl . 

C«H«0 

94 

7842 

737148 

f* 

Sulphide  of  carbon  . 

cs« 

76 

3400 

268400 

If 

as  well  as  by  the  fiict  that  the  heat  of  combustion  of  a  molecule  of  sulphide  of  carbon 
exceeds  the  sum  of  the  heats  of  its  constituents. 

It  will  be  understood  that  the  foregoing  calculations  are  given,  rather  for  the  sake 
(rf  drawing  attention  to  the  necessity  of  taking  account  of  all  the  changes,  whether 
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chemical  or  physical,  which  accompany  a  given  chemical  reaction,  when  "we  are 
cussing  the  quantity  of  heat  produced  by  it,  than  because  the  results  arrir^^l  al 
supposed  to  be  numerically  accurate.  Indeed  it  is  by  no  means  probable  that  t 
results  are,  at  best^'  anything  more  than  roughly  approximatire ;  for,  to  mentioii 
other  source  of  uncertainty,  the  assumption  that  we  have  made,  that  the  heat  prodi 
by  the  complete  combustion  of  carbon  is  twice  as  great  as  that  evolved  by  the  com 
tion  of  the  same  quantity  of  carbon  in  the  form  of  carbonic  oxide,  is  moet  likely 
strictly  true.  For  it  has  been  pointed  out  by  Butler ow  that  the  four  unit 
combining  capacit}^  (Classification,  L  1010  e^  seq,)  possessed  by  one  atom  of  cai 
are  not  exactly  equivalent  to  each  other  in  chemical  function,  and  Erlenmejer 
suggested,  with  great  probability,  that  the  difference  between  them  is  due  to  difere: 
in  me  strength  of  the  chemical  affinity  with  which  each  unit  enters  into  coxnbiDa 
(see  references  in  the  article  Fobmuljb,  ii  704).  If  this  be  so,  the  combinatioi 
an  atom  of  carbon  with  one  atom  of  oxygen  must  evolve  more  heat  than  the  combina 
of  the  product  so  formed  (carbonic  oxide)  with  a  second  atom  of  oxygen. 

The  numbers  in  the  above  table  show  that  the  heat  evolved  by  the  combnstio 
equal  weights  of  the  hydrocarbons  (CH*)",  homologous  with  olefiant  gas,  dimimshe 
their  molecular  weights  increase.  But  it  is  not  easy  to  say  how  fiir  this  result  ma] 
due  to  accidental  causes  (the  numbers  given  are  deduced  from  a  single  experim 
except  in  the  case  of  olefiant  gas,  for  which  Favre  and  Silbermann  obtained  very  < 
cordnnt  results  in  two  experiments),  or  to  the  influence  of  the  physical  propcrUes 
the  substances.  It  may  be  remarked  that  the  isomeric  substances,  oil  of  lemons,  oi 
turpentine,  and  terebene,  also  gave  different  quantities  of  heat,  although  tli 
molecular  weights  are  the  same.* 

The  acids  homologous  with  acetic  acid  may  be  regarded,  empirically,  as  fori 
by  the  combination  of  the  hydrocarbons  (CH*)"  with  oxygen  ;  that  is,  they  may 
considered  as  products  of  the  partial  combustion  of  the  hydrocarbons.  Hence, 
should  expect  each  acid  to  give  out,  when  burned,  less  heat  than  the  hydrocarbon  c 
taining  the  same  quantity  of  carbon  and  hydrogen,  and  this  is  shown  by  the  number 
the  above  table,  to  be  really  the  case,  the  difference  between  the  heat  of  combusdo: 
an  acid  and  that  of  a  given  hydrocarbon  being  greater  in  proportion  as  the  acid  is  n 
oxidised.  Thus,  starting  from  amylene,  C*H'*,  and  comparing  with  it  quantities 
valeric,  butyric,  and  acetic  acids  which  contain  the  same  quantity  of  cstrbon  ; 
hydrogen,  we  have  the  following  numbers : 

1    molecule  amylene,  C^H'"  »  70  produces  804400  units  of  h 

1         „        valeric  acid,      C*H'W=C*H»«+0«  «102,       „        666800  „ 

U       „        butyricacid,liC*HH)«  «C*H'«  +  O«*=riio,       „        621200 
2}       „        acetic  acid,   2}C^H*0«  =  C*H'«  +  0»  « 160,       „        626760 

Compared  in  this  way,  the  difference  in  composition  between  amylene  and  Tal< 
acid,  namely  0',  is  four  times  as  great  as  that  between  valeric  acid  and  butyric  a^ 
and  the  corresponding  differences  in  the  heats  of  combustion  of  these  substances 
exactly  almost  in  the  same  proportion :  but  this  close  agreement  is,  probably,  in  gr 
part  accidental :  for  the  heat  of  combustion  of  acetic  acid  is  decidedly  greater  tl 
what  might  be  calculated  in  the  same  way. 

The  table  further  shows  that  isomeric  substances  by  no  means  always  give  out  eq 
quantities  of  heat  when  burned.  For  instance,  acetic  acid,  CH*0*,  produces  ci 
siderably  lees  heat  than  ita  isomer,  formate  of  methyl ;  butyric  acid,  C^H"0*,  less  than 
isomer,  acetate  of  ethyl;  valeric  acid,  C*H'*0^  less  than  its  isomer,  butyrate of  meth 
That  differences  of  this  kind  would  be  found  to  exists  might  have  been  deduced,  w 
considerable  probability,  from  the  differences  in  the  chemical  constitution  of  the  aci 
and  of  the  isomeric  ethers  :  for,  of  the  four  equivalents  of  oxygen  contained  in  th< 
compounds,  one  must  be  regarded  as  combined  with  hydrogen,  and  the  other  three  wi 
carbon  in  the  acids ;  whereas,  in  the  ethers,  all  four  equivalents  of  oxygen  are  coi 
bined  with  carbon.  Hence,  the  differences  between  the  heats  of  combustion  of  t 
acids  C"H*0*  and  those  of  the  isomeric  ethers  may  be  ascribed,  at  least  in  part, 
the  difference  between  the  heat  of  combustion  of  an  equivalent  of  carbon  and  that 
an  equivalent  of  hydrogen ;  but  considerations,  such  as  have  been  already  alluded  1 
make  it  impossible  to  assign  any  exact  numerical  value  to  this  difference. 

But,  according  to  the  experiments  hitherto  made,  not  only  do  the  acids  differ  fro 
the  isomeric  ethers,  in  the  quantity  of  heat  which  they  produce  when  burned,  but  tl 
ethers  differ  from  each  other :  for  instance,  acetate  of  methyl  produces  more  heat  Uu 
ita  isomer  formate  of  ethyl ;  valerate  of  methyl,  more  than  its  isomer  butyrate  < 
ethyl ;  acetate  of  amyl,  more  than  its  isomer  valerate  of  ethyl.  It  is  not  easy  to  sugge 
any  chemical  reason  for  the  existence  of  such  differences  as  these ;  nor  even  to  disoovi 
any  empirical  relations  of  a  general  kind  among  the  experimental  results. 

•  Favre  and  Silbermann  assign  to  oil  of  lemons  half  the  molecular  weight  of  oil  of  turpcotiDe,  bi 
without  giving  any  reason  for  so  doing. 
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[For  the  methods  of  calculating  the  heating  powen  of  different  kinds  of  fnel,  and 
9  tenaperatore  produced  hj  its  combustion,  for  practical  purposes,  see  the  articU 
TEL,  iL  722  et  seqA 

ComSustions  in  Cilorinet  and  direct  combination  of  Chlorine,  Bromine^  and  Iodine,^ 
16  followiiig  table  giree  the  quantities  of  heat  eyolred  by  the  direct  union  of  Tarious 
omenta  with  gaseous  chlorine : 


Product. 

Uoiti  of  h«at  evolTcd 

Obwrver. 

%ibfftaiKi^ 

by  1  grm.  oi 

by  IfriD  oi 

bj  1  at.  (=3.vft 
gniu.)of  chlorine. 

•utMUoce. 

chlorine. 

Hydrogen 

HCl 

(24087 
23783 

678 
670 

24087 
23783 

Abria. 

Fayre  and  Silbermann. 

PhoephoruB    . 

T^^> 

3422(?) 

607 

21548 

Andrews. 

Potassium     . 

2655 

2943 

.  104476 

Iron 

Fe*CI* 

1745 

921 

32695 

Zinc      . 

ZnC? 

1529 

1427 

50658 

Tin 

SnCl* 

1079 

897 

81722 

Arsenic 

AsCl« 

994 

704 

24992 

Copper  . 

CuCP 

961 

859 

30494 

Antimony 

SbCl« 

707 

860 

30491 

t* 

Mercury 

? 

?    • 

822 

29181 

$t 

The  heat  CTolyed  by  the  direct  union  of  bromine  and  iodine  with  zinc  and  iron  has 
ilso  been  determined  by  Andrews  (Tnuis.  Eov.  Irish  Acad.  six.  quoted  in  Miller's 
Chemical  Physics,  p.  341) :  the  results  obtained  are  giren  in  the  next  table : 


ProJact. 

UniU  of  hMt  «TolTed 

MtUL 

br  1  grm.  of 
meul. 

bj  1  frm.ofbro- 
mine  or  lodlue. 

by  1  at.  of  bromine 
or  Iodine. 

Bronmie, 

Zino       .        .  1         ZnBr>                   1269                     608                    40640 
Iron       .        .1         Fe«Br«                  1277                     298                    23838 

Iodine. 

Zinc       .        .             ZnT*                    819                     209                    26617 
Iron       •       .           FeU*                    463                       63                      8046 

Beat  produced  by  reaottons  in  tlie  IVet  VTay* — Of  the  yarious  reactions  in 
the  wet  way,  which  haye  been  studied  calorimetiically,  it  will  be  most  conyenient  to 
consider  first  those  which  take  place  between  water  and  other  bodies,  since  such 
actions  interyene  in  many  other  cases  also. 

Diluton  of  Acids  with  Water. — The  heat  produced  by  the  dilution  of  strong  acids, 
especially  sulphuric  acid,  has  been  the  sulject  of  many  inyeetigations,  the  most  accurate 
of  which  are  probably  those  of  Fayre  and  Silbermann,  Thomsen  (Fogg.  Ann. 
Ixzxyiii.  349 ;  xc.  261 ;  Jahresber.  1868,  p.  80) ;  and  Fayre  and  Quaillard  (Compu 
rend.  L  1150).    We  giye  below  a  few  of  the  results  obtained. 

Sulphuric  acid,  80*S'  »  98. 

Thomsen  determined  the  quantity  of  heat  eyoWed  by  the  mixture  of  strong  sulphurio 
acid,  and  of  the  same  previously  diluted  with  different  quantities  of  water,  with  an 
excess  of  water — that  is,  with  so  much  that  any  farther  quantity  did  not  increase  the 
amoant  of  heat  eyolved.    He  found  that  the  addition  of  an  excess  of  water 

to   98  grms.  (  » 1  molecule)  SO^H*  eyolyed  17,248  units  of  heats, 

to  116  „  SO*H«.H«0       „        10,848  „ 

to  162  „  S0«H».3HK>      „  6288 

to  188  „  S0<H«.5H«0      „  4480  „ 

Fayre  has  determined,  in  conjunction  with  Silbermann  and  with  Quaillard,  the 
quantity  of  heat  produced  by  the  successiye  additions  of  known  quantities  of  water 
to  stroDg  sulphuric  acid.    Both  sets  of  experiments  were  made  with  the  mereurial 
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calorimeter  alrradj  described,  aod  represent^  in  fig.  631,  p.  28.    We  gire  her 
results  publidbed  by  Favre  and  Quailiard  as  b<4Qg  the  most  recent. 


AddiHon  of  Water  to  98 

grammes  (1  molectde)  of  Sulphuric  JLcid, 

Qoxntities 

Total 

Quantities 

Heat  evolved 

Total 

of  water 

Heat  evoWed  on  each 

'luaiitity  of 

Total  Heat 
evolved. 

or  water 

on  each  suc- 

quantity of 

T 

addf>d  siic- 
c«stively. 

succpsiive  addition 
of  water. 

w  ter 
addfd. 

added  suc- 
cesslTeljr. 

cessive 
addition  of 

water 
added. 

1 

Molecules. 

Molecules. 

Molecules. 

water. 

Moleculw. 

\ 

946-68) 

886-30 

5 

i; 

, 

886-92 

6375-88 

764-48 

6 

1- 

171108 

691-84 

7 

1, 

2832-20 

46.i-36 

8 

1/ 

.    .    .     6512-80 

1 

6612-80 

1063-66 

12 

i< 

' 

1842-40  (,,«.-^ 
1338-10  {^^^^^^ 

48302 
222-46 

16 
20 

Vi 

.     .     .     3244-00 

2 

9766-80 

141-68 

24 

i: 

'r-t."i^«"-^^ 

86-96 

28 

i: 

1  ■ 

66-06 

32 

i; 

.     .     .     1840-80 

3 

11697-60 

43-28 

36 

1^ 

1 

.     .    .     1179-00 

4 

12776-60 

32-08 

40 

17 

A  little  heat  was  still  produced  bjr  the  addition  of  the  sixtieth  molecule  of  wnter. 

These  numbers  show  that  a  given  quantity  of  water  added  to  sulphuric  acid  er* 
the  same  quantity  of  heat,  whether  it  be  added  all  at  once,  or  in  successive  s 
portions,  and  that  the  heat  which  a  given  quantity  of  water  produces  is,  accordii 
less  in  proportion  as  the  amount  previously  added  is  greater. 

Citric  Add,  NO»H  «  63. 

The  following  table  gives  the  results  of  Thomsen's  ezperimenta  on  the  heat  ere 
on  adding  an  excess  of  water  to  nitric  acid,  either  undiluted  or  already  containii 
certain  quantity  of  water.  The  numbers  refer,  as  usual,  to  molecular  proportioi 
acid  ana  water  expressed  in  grammes: — 

NO'H  mixed  with  excess  of  water  evolved  7660  units  of  heat 

(NO*H  +  0-421  H*0)  mixed  with  excess  of  water  evolved  6680 


(NO«H  + 
(NO»H  +  1-6 
(NO>H  +  1-69 
(NO«H  +  2 
(NO»H  +  2-6 
(NO»H  +  3  6 
(NO«H  +  4-6 


H«0) 
flK)) 
WO) 
ff-'O) 
H«0) 
HK)) 
H«0) 


4088 
3760 
3464 
2712 
2184 
1392 
962 


It  will  be  observed  that  the  heat  which  can  be  obtained  by  the  addition  of  wate 
nitric  acid  diminishes  as  the  quantity  of  water  already  present  in  the  add  is  gres 
but  that  the  diminution  takes  place,  at  first,  much  less  rapidly  than  in  the  cas< 
sulphuric  acid. 

Acetic  Acid,  C«H*0«  =  60. 

The  fdlowing  results  are  those  of  Favre  and  Quaillard :  we  give  them  in  ordes 
call  attention  to  the  absorption  of  heat  (indicated  by  the  minus  sign  in  the  seci 
column)  produced  by  the  first  quantities  of  water  added : 


Qnantitlf'S  of 

Heat  evolved  on  each 
addition  of  water. 

Tntil  quan- 

Quantities of 

Heat  evolved 

Total  quai 

watt'r  added 

tity  of  water 

water  added 

on  each  addi- 

tityofwai 

succebsWely. 

added. 

successively. 

tion  of  water. 

added. 

1 

H«0 

-  72-22  \ 

~  ^?  i?  .  -  136-00 

If 

+     3-61 

2   H»0 

i 

6-97 

2J     „ 

i 

-  17-66        ^^"  "" 

4     ., 

11-28 

3       „ 

i 

-  11-99 

1    „ 

23-46 

4         M 

.    .      -13616 

iH»0 

1    „ 

27-47 

5 

f> 

:  1:^^-2*" 

%: 

82-47 
64-73 

7i    „ 
10    „ 

It 

.    .      -    26-18 

H'O 

6         M 

87-72 

1«     n 

»» 

.    .      -      8-66 

IJH^O 

5    „ 

40-54 

20    ., 
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Thes^  numbers  plainly  show  the  sfanultaneous  occurrence  of  two  distinct  actions-  - 
one  of  them  attended  with  absorption  of  heat,  the  other  with  its  production.  The 
former  action  prevails  at  first,  but  gradually  diminishes  as  more  and  more  water  is 
added,  until,  on  the  addition  of  the  fourth  balf-molecule,  its  effect  becomes  less  than 
that  of  the  second,  and  a  small  evolution  of  heat  takes  place.  From  this  point,  until 
between  five  and  seven-and-a-half  molecules  of  water  have  been  added,  the  calorific  effect 
of  a  given  quantity  of  water  continually  increases  (contrary  to  what  takes  place  with 
sulphuric  and  nitric  acids  X  showing  that  the  heat-absorbing  action  still  takes  place, 
but  to  a  less  and  less  extent,  until  more  than  five  molecules  of  water  have  been  added 
to  each  molecule  of  acetic  acid. 

When  successive  quantities  of  alcohol,  up  to  ten  molecules,  are  added  to  acetic  add, 
each  addition  causes  absorption  of  heat;  but  the  numerical  results  clearly  indicate,  in 
this  case  also,  the  simultaneous  occurrence  of  distinct  phenomena.  Favre  obtained  the 
following  results : 

Molecules  of  alcohol  successively  ] 

added  to  1  molecule  of  acetic  [ill  1  2  2  2 

acid  j 

Units  of  heat  absorbed  on  the) 

addition    of   each   suoce0sive[91'91     0-91     7'35     1488     31-86    41*47     64-50 

quantity  j 

Absorption  of  heat  also  frequently  occurs  on  the  dilution  of  saline  solutions,  a 
phenomenon  with  regard  to  which  numerous  quantitative  determinations  have  been 
made  by  Favre.  It  is  probable  that  in  these  cases,  a  change  takes  place  more  or  less 
analogous  to  the  lique&ction  of  a  solid  by  solution :  acetic  acid,  or  a  salt  dissolved  in 
a  sm^  quantity  of  water,  may  be  conceiTed  of  as  being  imperfectly  liquefied,  so  that 
further  hquefaction,  accompanied  by  the  disappearance  of  a  certain  quantitv  of  heat, 
takes  place  on  the  addition  of  more  water.  Viewed  in  this  way,  these  phenomena 
appear  to  be  comparable  with  the  gradual  melting,  which,  as  we  have  seen  (pp.  74  and  76), 
takes  place  in  some  solids  under  the  direct  action  of  heat. 

Reactum  of  Acids  and  Bases  in  presence  of  water. — It  will  be  easily  understood  that 
the  thermal  effects  which  may  result  from  the  reaction  of  different  substances  upon  each 
other  in  presence  of  water,  are  even  more  complicated  than  any  of  those  which  have  jet 
been  considered,  and  therefore  that  the  calonmetric  study  of  these  reactions  is  subject 
to  still  more  numerous  causes  of  error  than  that  of  the  foregoing  processes.  In  addi- 
tion to  the  different  specific  heats  of  the  reagents  and  products,  and  to  the  different 
quantities  of  heat  absorbed  by  them  in  dissolving  or  given  out  by  them  in  combining 
with  water,  the  conversion  of  soluble  substances  into  insoluble  ones,  as  a  consequence 
of  the  chemical  action,  or  the  inverse  change  of  insoluble  into  soluble  bodies,  are 
among  the  secondary  causes  to  which  part  of  the  calonmetric  effect  may  be  due  in 
these  cases.  The  greater  number  of  these  disturbing  causes  may  be  got  rid  of^  or  at 
least  very  mudi  reduced  in  amount,  by  effecting  the  reactions  in  the  presence  of  com- 
paratively large  quantities  of  water,  but  then  the  difficulty  of  accurately  measuring  the 
total  quantity  of  heat  produced  becomes  greater. 

The  following  table  gives  the  number  of  units  of  heat  evolved,  according  to  Favre 


Oxide  or 

BquiTftlenU. 

UniU  of  Heat  erolved 

t  with  Various  Acids:                 j 

Sulphuric. 

NUrlc. 

Hydrochloric. 

AceUc. 

Potassiup 

47 

16083 

15510 

15656 

13978 

Sodium 

31 

15810 

15283 

15128 

13600 

Ammonium 

26 

14690 

13676 

13536 

12649 

Barium     . 

76-6 

,     , 

15360 

15306 

13262 

Calcium    . 

28 

16943 

16982 

14676 

Magnesium 

20 

1*4440 

12840 

13220 

12270 

Manganese 

35-6 

12076 

10850 

11235 

9982 

Zinc . 

40-5 

10455 

8323 

8307 

7720 

Cadmium 

64 

10240 

8116 

8109 

7546 

Copper 

39-7 

7720 

6400 

6416 

5264 

Nickel 

37-7 

11932 

10450 

10412 

9245 

Cobalt 

37-7 

11780 

9956 

10374 

9272 

Lead. 

111-7 

9240 

,     , 

7168 

Silver 

116 

•     • 

6206 

snd  Silbermann's  experiments,  in  the  transformation  of  equivalent  quantities  of  Tsrioui 
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metallic  protoxides  into  neutral  aaXiM,  the  reaction  taking  place  in  all  caset  in  pwwcnca 
of  a  laige  qnantitj  of  water,  and  the  products  being  all  soluble. 

The  heat  evolred  by  equivalent  quantities  of  potash  and  soda  respectivelj,  in  form- 
ing  neutral  salts  with  the  following  additional  acids,  is  shown  in  the  next  Uble : 


Acid«. 

PuUsh. 

Soda. 

Addi. 

Poush. 

Soda. 

Hydrobpomic  acid   . 

15610 

15159 

Valeric  add  . 

13500 

Hydriodic  add 

15698 

15097 

Citric  add     . 

13658 

13178 

Metaphosphoric        } 

16168 

15407 

Oxalic  add    . 

14156 

13752 

add      .        .         ( 

Tartaric  add  . 

13425 

12651 

Pyrr>pbosphoric  add 
Phosphonc  add 
Formic  add     . 

16920 

15655 

Carbonic  add 

12878 

•     . 

17766 

•    • 

13308 

Hydrosulphurio       } 
add    .        .         ( 

6477 

6550 

Numerous  determinations  of  a  similar  kind  have  also  been  made  by  Andrews 
(T^ns.  Bjoy,  Irish  Academy,  xix. ;  Rep.  Brit.  Assodat  1849,  p.  69  ;  see  aiso  Miller^s 
Chemical  Physics^  p.  352).  The  following  is  the  most  important  of  the  conclusions  at 
which  he  arrived : — **  An  equivalent  of  &e  same  base,  combined  with  difTerent  addsi, 
produces  fuarli/  the  same  quantity  of  heat ;  but  an  equivalent  of  the  same  add  com« 
bined  with  different  bases,  produces  different  amounts  of  heat"  It  is,  however, 
scarcely  needful  to  point  out^  that  such  a  difference  as  is  here  implied  between  the 
chemical  behaviour  of  acids  and  bases  does  not  really  exist  in  nature,  and  that  ita  ap- 
pearinff  to  be  indicated  by  the  experiments  in  question,  could  only  result  from  Uie  acci- 
dent of  the  bases  examined  representing  a  gr'^ater  range  of  varying  chemical  energy 
than  the  acids. 

The  results  obtained  on  bringing  together  an  alkali  and  an  acid  in  various  propor- 
tions are  of  considerable  interest  They  show  dearly  that  &t  least  in  the  case  of  the 
most  distinctly  characterised  acids,  chemical  action  takes  place  only  between  definite 
atomic  proportions  of  add  and  alkali.  The  numbers  given  below  represent  the  number 
of  units  of  heat  evolved  by  one  equivalent  of  potash  or  soda  (the  quantity  containing 
39  pts.  potassium,  or  23  pts.  sodium)  when  acted  on  by  varying  quantities  of  add. 

1  equi\ttlent  potash 
with  1  equivalent  sulphuric  acid  gave  15609  units  of  heat 
„   2         „  „  „      „     15609     ., 

„   1  „  acetic        „      ..     13935     „ 

„   2         „  „  „      „     13823     „        „      (Favre  and  Silbermann). 

The  results  of  Thomsen's  experiments  (Jahresber.  1854,  p.  30)  with  sulphuric  acid 
and  potash  and  soda  are  as  follows : 

Equivalents  of  add  i  f  I  i  2  4 

V    4-  -^i«^JSoda        5424        10656         15368         16320         15524         15216 
ileat  evoivea^p^^^^     ^^gg  ^gg^         ^^3^3  ^  ^^^48 

It  will  be  seen  that  the  evolution  of  heat  increases  sensibly  in  the  same  proportion  as 
the  quantity  of  add  used,  up  to  one  equivalent^  but  that  beyond  this  point  no  further 
increase  in  the  amount  of  heat  evolved  accompanies  the  augmentation  of  the  quantity 
of  add.  Hence  it  appears  that  add  sulphates  of  potassium  and  sodium  are  not  formed 
in  presence  of  a  large  quantity  of  water,  a  conclusion  which  agrees  with  Favre  and 
Silbermann's  observation,  that  the  evolution  of  heat  which  takes  place  on  addine  one 
equivalent  of  base  to  a  dilute  solution  of  add  sulphate  or  sulphit)  of  potassium,  is  the 
same  as  if  the  second  equivalent  of  add  contained  in  the  salt  were  employed  in  the 
free  state.  By  experiments  on  the  heat  evolved  on  adding  suoceenive  quantities  of 
other  adds — such  as  boric,  silidc,  phosphoric — ^to  one  eqmvalent  of  soda  or  potash, 
Thomsen  found  that  the  heat  produced  was  at  first  nearly  in  proportion  to  the  quantity 
of  add  added,  but  that,  as  the  latter  was  increased,  the  evolution  of  heat  increased 
also,  though  in  a  continually  slower  ratio. 

Evolution  of  Heat  in  the  formation  of  AqueouB  Solutions, — ^When  a  gas  dissolves  in 
water,  the  heat  due  to  the  chemical  action  is  augmented  by  that  due  to  the  physical 
phenomenon  of  the  lique&ction  of  the  gas ;  so  also,  when  a  solid  body  is  dissolved  in 
water,  the  total  thermal  effect  observed  is  due  in  part  to  the  chemiod  action  taking 

Slace  between  the  water  and  the  solid,  and  in  part  to  the  liquefaction  of  the  substance 
issolved.  In  the  former  case,  the  chemical  and  physical  parts  of  the  phenomenon 
both  cause  evolution  of  heat :  in  the  latter  case,  the  physical  change  occasions  disap- 
pearance of  heat ;  and  if  this  effect  is  greater  than  that  due  to  the  chemical  action,  tne 
nltimate  result  of  the  combined  process  is  the  production  of  cold,  and  it  is  this  which 
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most  usoallj  obsarred.    The  foUowing  tables  contain  the  vpfnlte  of  Farre  and 
lbermann*8  experiments,  calculated  for  one  gramme  of  gas  or  solid  salt  dissohed. 

SoUUion  of  Gases  im  WaUr, 


lof  Om. 


Hydrodilorie  add 
Hjdxobiamieadd 
Hjdriodie  add  . 


Unite  or  hMt 
evolved. 


449*6 
SS«'6 
1477 


ioCOm. 


Snlphuoos  add 


UuiU  of  be 
evolved. 


120-4 
514-8 


SoUttim  ofSaUsm  Water, 


tor  Belt. 


Sulphate  of  potassium 
„  sodium 

M         ammonium 
„  calcium 

„         barium    . 
„  line 

Fcnous  sulphate 

Uranic  sulpnate . 

Potassio-fezious  sulphate 

Sulphate  of  aluminium  and 
potasnum     , 

Sulphate  of  aluminium  and 

Add  sulphate  of  potassium 
Chloride  of  potasnum 
„  sodium     . 


M  caldum    . 

,,         barium 

„         stzonttum. 

^  sinc^snhjdrons] 

Fenouschloride  (anhydrous* 
Cuprie  chloride  (anhydrous^ 
Bromide  of  potassium 
Iodide  of  potasnum    . 
Nitnte  or  potasnum  . 


Unite  oCheet 


86-8 
491 
111 
24-7 
64*4 
14*8 
121 
+  10-7 
21-6 

231 

190 

25*6 

51-9 

8-9 

651 

15-5 

16-9 

24-9 

4-92-2 

4-58-3 

+  78-7 

87-8 

29-2 

70-5 


Name  oC  Salt. 


Nitrate  of  sodium 

M       ammonium 

„      caldum 

,,      strontium   . 

„       lead   . 

„       silTer . 
Fhoqkhate  of  sodium  . 
firrophosphate  of  sodium 
Oxalieaod 
Oxalate  of  potasnum . 
Add  oxalate  of  potasnum 
Tartrate  of  potasnum 

„        sodium 
Tartaric  add 
Tartrate  of  potassium  and 

sodium   . 
Acetate  of  sodium 

„         caldum 

lead  .        . 
Add  acetate  of  potasnui 
Carbonate  of  sodium  . 
Add   carbonate   of  potas- 
sium 

Sulphide      of      potasnum 
(anhydrous)   . 


Unite  or  beat 


45-5 
65-9 
271 
41-2 
14-9 
311 
52-3 
21-9 
67  0 
39-7 
621 
17-8 
25-2 
19-8 

40*9 
28-1 
3-5 
14-8 
19-8 
52-7 

51-5 

•1-96-9 


Nora —The  aifniaiif  (•!-)  4enoCea  evotettoa  or  beau 

The  fiae^png  table  indudes  numbers  relating  to  the  solubility  of  some  saltswhieh  are^ 
inrssli^,  etthsr  quite  inaduUe  or  Tsry  sUg^tfy  soluble  in  water.  These  numbers  are 
dednesdfrom  aoompaiiMm  of  those  which  represent  the  heat  of  formation  of  these  salts 
frith  the  numbers  expressing  the  heat  erolTed  by  the  same  bases  with  other  adds. 
The  heat  of  formation  of  salts  which  are  insoluble,  and  therefore  separate  out  in  the 
Bol»i  form,  is  usually  considerably  greater  than  the  heat  of  formation  of  soluble  salts 
of  the  same  bases  ^d  adds»  and  it  is  this  excess  iriiich  in  the  abore  taUe  is  given  as 
the  heat  absorbed  on  solution  by  such  sslts  as  sulphate  of  barium,  svJphate  oi  stion- 
tium,  fte. 

Odd  prodiio«d  liy  ObMBlottl  Bac>m»o«ttioD^ — ^The  propontion  that  the 
thermal  eifoet  of  the  rerersal  of  a  siTen  chemical  action  is  equal  and  oppomte  to  the 
thennal  elfoct  of  that  action  itself  has  already  been  referred  to  (p.  106)  as  one  which 
mi^t  with  great  probabOi^  be  assumed  as  true.  A  direct  consequence  of  this 
propositionisthat  M«MparaliOfio^afi|f  too  bodies  is  attendsd  with  tMs  aUorptwn  <if  a 
munUUi^  of  keat  equal  U  that  wkici  is  svoivedim  their  eotMnaiiim^  The  truth  of  this 
deduction  has  been  experimental^  established  in  Tarious  cases  by  Woods  (FhiL  Mag. 
[4]  ii  868 ;  iT.  870) ;  Joule  (iMciiii  481) andFarre  and Silbermann,  by  comparing 
the  heat  etolTed  in  the  dectrolysis  of  dilute  sulphuric  add,  or  solutions  of  metallic 
nhs,  with  that  whidi  is  derdqped  in  a  thin  metallic  wire  by  a  current  of  the  same 
ftrensth ;  and  by  comparison  <k  the  heat  eyolved  in  processes  of  combination  accom- 
panied by  simultaneous  decompositions^  with  that  eiFOiTed  when  the  same  combination 
>ceua  between  free  elements. 

V0L.IIL  I 
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In  the  en>erimeiit8  of  Woods,  ft  voltaic  cnnrant  was  first  made  to  pass  thrmi^  a 
Teasel  containing  dilute  snlphnrio  acid,  and  the  quantity  of  gas  erolTod  in  a  given  tim« 
was  determined,  and  also  tne  simultaneous  rise  of  temperature,  the  strength  of  the 
current  being  measured  at  the  same  time  by  the  tangent-compass  (ii.  460).  The 
electrolytic  cell  was  then  removed,  and  a  thin  platinum  wire  introduced  between  the 
poles,  of  sudi  a  length  as  to  produce  a  resistance  equal  to  that  of  the  electrolyte.  The 
quantity  of  heat  evdved  in  tnis  wire  was  then  determined,  and  found  to  exceed  that 
which  was  previously  evolved  in  the  electrolvtio  cell,  by  a  Quantity  equal  to  that  which 
would  be  ^^ved  by  the  combination  of  the  oxygen  and  hydrogen  set  free  by  the 
current  in  the  |nevious  experiment. 

Joule  made  similar  experiments  on  the  decomposition  of  dilute  sulphuric  acid,  sul- 
phate d  copper,  and  sulphate  of  zinc;  and,  regarding  the  difierence  in  the  quantity 
of  heat  evolved  when  the  current  traversed  a  drcnit  completely  metallic^  and  wnen  the 
metallio  dronit  was  broken  by  the  interposition  of  an  electrolyte,  as  the  heat  absorbed 
by  the  separation  of  the  elements  of  the  electrolyte,  he  obtained  numbers  which  agree 
very  hiAy  with  those  found  bj  other  eoroerimenters  for  the  heat  evolved  in  the  union 
of  the  same  elements,  as  shown  in  the  following  table,  which  gives  the  quantities  of 
heat  evolved  or  absorbed  in  the  oxidation  or  x^uction  of  1  gramme  of  each  metal, 
according  to  various  e^>erimenters. 


Joule. 

Duloof. 

Andrairs. 

FftTreaod 
Silbemiann. 

Grasfi. 

Wood!. 

Copper       . 
Zinc  . 
Hydrogen  . 

694 

1186 

33668 

1297 
84687 

600 

1816 

88808 

666 

1277 

84462 

84666 

611 
1307 

The  proposition  in  question  has  also  been  confirmed  bv  experiments  of  another  kind. 
Thus,  for  instance,  by  determining  the  heat  evolved  when  different  metals  were  dia- 
solved  in  water  or  dilute  acid,  W(wds  found  that  it  was  less  than  that  whidi  would  be 
I^oduced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity  equal  to  that  whidi 
would  be  obtained  by  burning  the  hydrogen  set  free,  or  which  was  expended  in  decom- 
posing the  water  or  acid;  and  therrabre  that,  when  this  latter  quantity  was  added  to 
his  result^  they  agreed  with  the  numbers  given  by  experiments  of  direct  oxidstioii. 
The  q^iantities  of  heat  evolved  by  1  gramme  of  the  several  metals,  when  augmented  bj 
that  corresponding  to  the  decomposition  of  the  water  or  add,  were  as  follows : — 


MaUL 

Hnt  bjr  Mliitioo  of 
1  gramme. 

Metal. 

Heat  hf  tolnUoo  of 
1  gramme. 

Sodium  . 

Potassium 

Zinc      . 

Iron 

Copper  .        .        . 

8298 
1746 
1807 
1204 
611 

Tin        .        .        . 
Lead      . 
Mercury 
Silver    . 
Bismuth         • 

696 
266 
118 

96 

96-6 

Indifwt  methods  of  determtninff  Beat  of  Cbm^tfia^um.— Assuming  the  truth  of  tiie 
proposition  that  in  the  decomposition  of  a  compound  as  much  heat  is  absorbed  as  is 
Ubmted  in  its  formation,  it  is  obvious,  from  the  foregoing  examples,  that  the  calori- 
metrie  effect  of  a  given  chemical  change  can  be  calculated  if  the  effects  of  all  those 
which  occur  simultaneously  with  it  are  known.  Upon  this  nrindple,  which  is  merely 
that  adopted  by  Woods  in  the  experiments  described  in  the  last  paragraph,  Favie  and 
Silbermann  have  made  a  very  extensive  series  of  determinatioiis  of  the  quantities  of 
heat  evolved  in  reactions  which  could  not  have  been  easily  investig»^^  directly.  Their 
experiments  were  made  with  the  mercurial  calorimeter,  and  thr  neat*  due  to  a  given 
process  was  in  some  cases  deduced  from  two  distinct  reactions.  Thus,  the  heat  of 
formation  of  oxide  of  zino  was  deduced  (1)  from  the  solution  of  metallic  sine  in  dilute 
sulphuric  acid,  (2)  from  the  solution  of  sine  in  dilute  hydrochlonc  add.  For  the  pur- 
poses of  calculation,  the  former  reaction  was  consider^  as  coDsisting  in  the  formation 
of  oxide  of  rinc^  with  simultaneous  decomposition  of  water,  Zn  +  H'O  a  ZnO  +  H>, 
and  in  the  subsequent  formation  of  sulphate  of  cine  by  the  action  of  this  oxide'on  the 
dilute  sulphuric  acid,  ZnO  +  H*SO« «  HH)  ■\-  ZnSO«.  The  heat  absorbed  by  the 
calorimeter  during  the  solution  of  1  gramme  of  sine  was  567'9  gramme-degrees :  this, 
according  to  the  anpposition,  represented  the  heat  of  oxidation  of  the  sine  +  the  heat 
of  formation  of  sulphate  of  sine  from  anhydrous  oxide  and  dilute  sulphuric  add— the 
heat  absorbed  by  the  daeomposition  of  water.    Calling  the  heat  of  oxidation  of  one 
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gnmme  of  tine  x,  and  calmlnHnft  from  the  direct  determinations  pferionafy  raeovdedy 
the  ealorimetric  eflects  of  the  other  proceesee,  we  haTe 

X  -  567-9  +   1060*4  -  835*5  -  1292-8. 
SimiUrly,  when  1  mmme  of  line  was  dieeolTed  in  dilate  hydiochlorie  add,  508*8  nnita 
of  hnl  were  abaoroed  hf  the  calorimeter,  and  the  following  equation  was  obtained  ta 
represent  the  heat  of  oxidation  of  that  weight  of  one : 

«     -     503*8        -I-         1060*4        -        274*3     -     1289*9; 
Hcift  ^bMrtMd  HMt  abaorbed  HeiU  eTolT«d  bf 

tf  calorimeter.  by  deoompodtioo        action  of  dilate 

of  water.  hydrochloric  add  on 

oaUdaofxhic. 

a  resolt  which  agrees  almost  ezaotlj  with  the  foregoing. 

This  number  having  been  obtained,  the  heat  of  oxidation  of  metallic  copper  conld  be 
dednoed  in  a  similar  manner  from  the  qoanti^  of  heat  set  free  when  a  known  weight 
of  sine  was  dissolved  in  a  solution  of  sulphate  of  copper.  In  this  waj  the  number  684 
was  found  for  the  heat  of  oxidation  of  1  granune  of  copper. 

The  foUowinff  table  gives  the  heats  of  combination  of  one  equivalent  of  several  metals 
with  one  equivalent  ci  various  metalloids,  deduced  from  experiments  of  this  kind  i-^ 


Matelt. 

Sgrammee 
oxjgm. 

Unit!  of  heal 

SOtrammee 
broBlna. 

ISTframiDM 
iodise. 

lemmmee 

Hjdrtwen 
Potassram 
Sodium    • 
Zinc 
Iron 

ET':    • 

saver      .        . 

34462 
76288* 
73510* 
42451 
37828 
21885 
27675 
6113 

23788 
100960 
94847 
50296 
49651 
29524 
44730 
34800 

9322 
90188 

32802 
25618 

-3606 
77268 

23208 
18651 

2741 
45688 

20940 

17753 

9133 

9556 

5524 

Taking  the  heat  developed  in  the  formation  of  any  given  compound  as  a  measure  of 

the  energy  of  the  aflinity  of  its  constituents,  a  certain  definiteness  and  precision  of 

meaning  are  given  to  sudi  terms  as  strong  and  weak,  active  and  inert,  which  are 

often  UMd  in  reference  to  chemical  reagents  in  rather  ava^  sense;  and  on  comparing 

the  numbers  representing  the  heats  of  fonnation  of  various  compounds,  they  will  be 

found  to  bear  out  in  a  general  way  the  maimer  in  which  such  terms  are  conmionly 

applied.    The  results  recorded  in  the  above  table,  for  instance,  serve  to  explain  cer> 

tain  foets  which  have  often  been  quoted  as  anomalous  and  opposed  to  the  commonly 

received  idea  that  the  affinities  of  chlorine  are  stronger  than  those  of  bromine  or 

iodine,  and  the  affinities  of  bromine  stronger  than  those  of  iodine.    The  facts  referred 

to  are  such  as  these :  the  observation  of  Fehling  that  in  the  fractional  precipitation 

of  a  solution  containing  both  chlorides  and  bromMes  with  nitrate  of  silver,  the  whole 

of  the  bromine  is  contained  in  the  first  portions  of  the  precipitate ;  the  similar  obaer- 

ration  of  Field  (Chem.  Soc  Qn.  J.  x.  284),  and  the  decomposition  of  chloride  of 

silver  when  brought  in  contact  with  an  aqueous  solution  of  bromide  or  iodide  of 

potassium,  described  by  the  same  chemist ;  and  particularly  the  violent  decomposition 

of  chloride  of  silver,  attended  with  evolution  of  heat,  which  takes  place,  as  obswed 

by  Deville  (Ann.  Ch.  Pharm.  cL  198),  when  aqueous  hvdriodic  add  is  poured  upon  iU 

The  precipitation  of  bromide  or  iodide  of  silver,  to  the  exclusion  of  the  chlonde,  in 

cases  of  fractional  precipitation  with  nitrate  of  silver,  and  the  convefsion  of  chlonde 

of  silver  into  bromide  or  iodide  by  contact  with  an  aqueous  solution  of  iodide  of 

potassium,  may  be  considered  as  essentially  the  same  phenomenon.    When  the  latter 

transformation  is  expressed  by  an  equation,  the  substances  whose  formulas  appear  in 

the  iHft-hand  member  of  the  equation  are  those  wluch  waSfT  decomposition ;  while 

those  which  are  formed  appear  on  the  light-hand  side ;  and  on  comparinff  the  ealoti^ 

metric  values  of  the  seversi  terms,  making  due  allowance  for  their  state  of  solution  or 

otherwise^  we  find  that  the  sum  of  the  catorimetric  values  on  the  left-hand  side  of  the 

equation  is  less  than  the  sum  of  the  calorimetric  values  of  the  substances  on  the  zight- 

bftnd ;  thns  indicating  that,  althou^  the  conversion  o(  chloride  of  silver  into  bromide 

or  iodide  by  simple  substitution  would  be  attended  with  absorption  of  heat,  the  com* 

bined  efifect  of  all  the  actions  which  take  place  in  the  experiments  under  consideration 

m  to  eauM  an  evolution  of  heat 

•  TbeM  Dombcrs  rvprewnt  the  formaUon  oC  aqueous  soluUom  of iwCaah  and  loda:  all  the  real  raiir 
o  anbjdroua  conpouads. 
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Thus  we  hare 

AgPl  +  KBr  »      AgBr  +  Kd 
Calorimetrie  Tallies  84800      85678  26618      97091 

>-^ , ^  ^ Y 

Sums :  120478  122709 

therefore:  heat  evoWed  in  the  reaction  »  122709  -  120478  -  2231  grainm^-degr» 

A«C1  -h    KI  »        Agl   -f  ECl 
Calorimetrie  Talues    34800    72479  18661     97091 


Sums:  107279  116742 

therefore :  heat  eToWed  in  the  reaction  »  116742  —  107279  •-  8463  gramme-dm 
Similarly,  for  the  reaction  of  aqueoos  hydriodic  acid  on  chloride  of  silTer,  we  na 

Agl   +  Ha 
18661     40192 


Aga  -f  m     - 

Calorimetrie  valaes    34800     16004 


Sums : 


49804 


68843 


therefore:  heat  eyolred  in  the  reaction  —  68848  -  49804  -  9039  t 

The  heat  eyoWed  in  a  considerable  nnmber  of  processes  of  oxidation  has  beei 
directly  determined  by  Far  re  (J.  Pharm.  Chim.  [3]  zxiy.  241,  311,  412 ;  Jahrei 
1863,  pp.  22  et  seqA  for  the  most  part  by  effisctinff  the  oxidations  in  presence  of  n 
in  the  mercurial  ouorimeter,  by  means  m  hypoduorons  acid,  whose  heat  of  forma 
calculated  for  one  equivalent  of  chlorine,  he  found  by  preliminary  experiments  i 
—  7370  units. 

For  the  details  of  this  investigation  we  must  refer  to  the  original  pap  ers ;  the 
important  results  obtained  are  as  follows,  calculated  always  for  one  equiyalent  d 
element  operated  upon. 


SuteUnce. 

Product. 

Heaterohred. 

Ratio. 

YeHow  phosphorus        ) 
Red  phosphorus             ( 

Aqueous  phosphoric  add  . 

5    209476 
)     181230 

4-86 

IN 

Yellow  phosphorus 

Phosphoric  anhydride 

190490 

»f             »f        •        • 

Phosphorous  acid 

140394 

2-91 

1- 

»»            If        •        • 

48302 

1-     ' 

Arsenic 

Arsenic  aod     . 

110787 

164 

„             •        •        . 

Solid  opaque  arsenious  add 

76363 

»f             •        • 

Dissolved  opaque  arsenious ) 
add      .        .        .        ( 

71690 

1- 

Phosphorus  . 

Pentachloride   . 

100373 

»»           ... 

Trichloride 

94804 

Arsenic 

Trichloride 

71883 

Nitrogen 

Nitrous  oxide  . 

-8724 

Nitric  oxide  . 

Nitric  add        .        . 

20666 

Nitrous  add . 

If        11          •        •        • 

27269 

Sulphurous  acid    . 

Sulphuric  add  . 

27839 

Sulphur     (portion     of 
flowera  of  sulphur  in- 

soluble in  sulphide  of  ' 

If           „   •        .        . 

64110 

carbon)                     J 

Plastic  sulphur 

II           tt    •        •        • 

67211 

3-32    1- 

Sulphur     (prectnitatad] 
from  hyposu^uiite  of  - 

II          II    •       •       • 

63407 

\ 

sodium)    .                j 

y. 

Sulphur       .       .        1 

Sulphurous   add    (FaTre  ) 
and  Silbermann)    .         J 

^373 

1-96    V 

Sulphur 
Selemum      • 

Hyposulphurous  add 
Seleniousadd           .        . 

20233 
23206 

1*66 

«,    .        .        •        • 

Selenicadd      . 

86360 

Oxalic  add  .        . 

Carbonic  anhydride  . 
Carbcmic  oxide  (Favre  and  > 
Silbermann)  .        .        5 

30140 

Carbon 

14838 

1- 

»     •        •        •        • 

Oxalic  anhydride 

33410 

2-26 

II     •        •        • 

Carbonic  anhydride  (Favre 
and  Silbermann)    . 

48480 

3-27 

Chlorine 

Chloric  anhydride     . 

-66234 
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It  ii  olmoiu  that,  eren  ffoppoang  the  prindple  rxpoa  wfaieh  these  indirect  deter- 
ininartonii  are  made  to  be  quite  oone^  ana  all  the  interfering  drcnmstaneee  to  hare 
been  taken  into  aooonnt,  the  resolta  arrired  at  cannot  be  of  the.aame  degree  of  aoenracr 
as  those  obtained  by  more  direct  methods:  fbr  the  total  uncertainty  attaching  to  ail 
the  independent  data  from  which  they  are  deduced  will  be  accumulated  upon  them. 
Horeorer,  although  a  comparison  of  the  heat  of  chemical  action,  as  determined  directly, 
with  that  deduced  indirectly,  generally  shows,  in  the  simple  cases  in  which  it  is  possible 
to  institute  such  a.  comparison,  a  degree  of  agreement  which  may  be  taken  as  a  con- 
flimation  of  ths  coanectness  of  the  principles  whereby  the  calcnlat^M!  result  is  azriyed 
at,,  and  as  proving  that,  at  least  in  these  cases,  no  modifying  circumstance  of  any  great 
impcntanoe  has  beisn  oTerlooked  in  the  calculation,  still  it  cannot  be  considered  as  prered 
by  existing  experiments  that  the  cold  of  decomposition  is  o/iooys  equal  to  the  heat  of 
combination.  On  the  other  hand,  it  seems  i>robable^  on  general  grounds,  that  the 
ealorimetric  eibct  of  a  giren  chemical  process  is  not  an  ab«>lutel^  constant  quantibr, 
but  that  it  is  to  some  extent  dependent  on  accompanying  physical  conditions.  In 
particular,  it  seems  likely  that  it  must  Taiy  more  or  less  with  xke  temperature  at  iHiich 
the  chemical  action  takes  place^  and  therdbre—to  take  a  particnlar  example— that  the 
heat  ewhed  by  the  combination  of  mercunr  with  oxygen,  at  a  comparatiTely  low  tem- 
perature, is  not  eqnal  to  the  heat  abtorbed  by  the  decomposition  of  oxide  of  mercury  at 
a  higher  temperature  The  equality  of  these  two  quantities  of  heat  would  inTohe  also 
the  equality  of  the  spedfio  heat  of  oxide  of  mercury  with  the  sum  of  the  specific  heats 
of  its  elements ;  otherwise,  the  quantity  of  heat  needed  to  raise  the  temperature  of  a 
giren  quantity  of  mercury  and  oxygen  from  the  ordinary  temperature  to  a  temperature 
above  that  at  which  oxide  of  mercury  is  decomposed,  would  be  different,  if  the  two 
substances  remained  unoombined  dunng  the  process,  from  what  it  would  be  if  they 
first  entered  into  combination  and  afterwards  separated  again ;  and  since  the  final  con- 
dition of  the  mercury  and  oxygen  would  be  the  same  in  each  case,  the  difiference 
bKween  the  Quantities  d  best  would  hare  disappeared  without  producing  any  apparent 
efiect  In  tne  particular  case  that  has  been  taken  as  an  example,  it  is  possibk  that 
the  spedflc  heats  of  the  elementary  bodies  are  together  equal  to  the  specific  heat  of  the 
compoimd,  or  that  the  difference  may  be  compensated  by  the  difference  in  the  latent 
heats  of  Taporisation  of  oxygen  at  the  temperature  of  combination  and  at  that  of  de- 
composition. But,  although  this  may  be  the  case,  experimental  proof  that  it  is  bo  is 
still  wanting ;  and  even  if  it  were  airarded  here,  or  for  any  other  particular  substance, 
there  would  still  not  be  sufikient  warrant  for  assuming  as  a  g|eneralhr  established  fact 
that  the  cold  of  decomposition  is  equal  to  the  heat  of  combination,  independetttly  of  ths 
conditions  under  whicn  these  processes  respectively  occur.  In  connection  with  these 
connderations,  it  is  perhaps  worth  while  to  drew  attention  to  the  fact  that  the  heat  of 
combustion  of  hydrogen,  deduced  by  Joule  horn  the  eleetzolysis  of  water  at  the  ordinary 
temperature,  is  decidedly  less  than  that  found  by  other  experimenten  who  determined 
directly  the  heat  of  combustion  at  a  high  temperature  (see  p.  114).  These  experiments 
are  perhaps  not  sufficiently  comparable  in  other  respects  to  justify  us  in  attaching 
much  importance  to  this  result ;  but,  taking  it  as  it  stands,  it  is  in  harmony  with  the 
fret  that  the  specific  heat  of  water-vapour  is  less  than  the  sum  of  the  specific  heats  of 
its  constituents. 

The  laws  by  which  Thomson  oonsidem  that  the  deyelopment  of  heat  in  chemical 
action  is  governed,  appear  to  inyohe  yiews  similar  to  those  aboye  explained.  The 
frndamental  propositions  assumed  by  him  are  as  follows: — The  intensity  of  tho 
chemical  emgy  of  the  same  body  at  a  constant  temperature  is  imchangeable ;  the 
whole  quantity  of  heat  deyeloped  in  a  ^yen  chemical  action  is  a  measure  of  the  chemioBl 
eneigy  therein  exerted,  and  is  proportional  to  the  difference  between  the  total  diemical 
enmy  of  the  reagents  and  the  total  chemical  energy  of  the  products. 

Meat  produced  by  Chemical  Deeomfosition, — ^I%ero  are  a  few  phenomena  which  are^ 
at  least  apparently,  exceptions  to  the  general  rule  that  heat  is  evolyed  in  combination 
and  absorbed  in  decomposition.  It  was  found,  for  instance,  by  Fayre  and  Silbermann,, 
that  charcoal  eyolves  more  heat  by  burning  in  nitrous  oxide  than  by  burning  in  pure 
oxygen.  The  excess  of  heat  in  this  case  could  only  be  due  to  heat  evolTM  in  tho 
decomposition  of  the  nitrous  oxide^  and  direct  experiments  proyed  that  this  decompo- 
sition was  attended  with  evolution  of  heat  They  found  frrther  that  heat  is  produced 
in  the  decomposition  of  peroxide  of  hydrogen  by  platinum,  and  from  the  experiments 
of  Favre,  already  recorded,  it  appears  that  heat  is  absorbed  in  Uie  oxidation  dT  chlorine 
to  hypochlorous  or  to  chloric  acid.  Perhaps  these  and  similar  phenomena  may  be 
brought  into  harmony  with  the  general  rule,  by  taking  into  consideration  the  eyolution 
of  heat  due  to  the  combination  of  two  similar  atoms  to  form  a  molecule,  and  the 
corresponding  absorption  of  heat  due  to  the  separation  of  the  atoms  constituting  a 
molecule  of  an  elementary  body. 

The  influence  of  high  temperature  in  promoting  chemical  action^as,  for  instancy 
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between  Cajgpn  and  hydrogen,  which  combine  when  heated,  but  are  without  i 
each  other  in  the  cold— ia  not  an  exception  of  the  kind  here  referred  tow  It  ia  zsthie 
thennometric  than  a  calorimetric  phenomenon ;  hig^  temperatore  being  a  fKvoaaHi 
condition  for  <^emical  action  in  these  caaee,  bat  in  no  way  its  canae.  At  wtrj  I 
temperatores  chemical  action  appeaze  in  all  caaea  to  be  mneh  retarded :  mm  one  in 
tiataon,  it  may  be  mentioned  thtSb  when  liqneAed  ammonia,  cooled  to  abomt  •-66^, 
ponred  upon  concentrated  solphoric  add,  the  two  li^nida  form  separate  lajera,  and 
some  time  no  action  takea  place  between  them  (Loi  r  and  Dri  on).  Fhoeidiflraa  a 
iodine,  which  combine  energieticaUy  and  with  Tiyid  combustion  at  common  teuipwrmUn 
may  be  shaken  together  in  a  tube  co(ded  by  a  freeong  mixtoie,  without  ezarCii^  1 
slightest  action  on  each  other. 

5.  Selatiom  of  Heat  to  EUetrioity, 

atootrietl^  vrodncmA  toy  WiMitf—Puro'eiectricU\ 
has  been  already  said  on  this  sn^'ect  in  the  article  £i 
to  add  the  reaolts  arrived  at  by  GFaoffain  (Ann.  GL 
the  pyro-electricity  ci  tonrmalmea.  Se  finds  that  this 
laws :— (1.)  When  any  number  of  tourmalines  are  m 
name,  they  fonn  a  battezy  which  prodocefl^  under  any 
of  electria^  exactly  equal  to  the  sum  of  the  quantiti< 
would  produce  separatdy  under  the  same  circumstances. 

(2.)  When  several  prisms  of  equal  section  are  superposed,  the  quantity  of  electric 
developed  by  the  combination  is  merely  e^ual  to  that  which  woula  be  f umiahed,  uk 
the  same  conditions^  by  any  one  of  the  pnsms  taken  separately. 

(3.)  The  quantity  of  electricity  produced  by  a  pism  of  tourmaline  is  proportional 
its  sectional  area,  and  is  independent  of  its  length. 

(4.)  The  quanti^  of  electricity  which  a  tourmaline  derelopes  when  its  temperati 
is  lowered  a  given  number  of  degrees,  is  independent  of  the  length  of  time  in  vhi 
the  cooling  is  effected. 

(5.)  When  a  tourmaline  is  heated  a  given  number  of  deareea,  the  ouanlil^  of  elc 
trici^  developed  is  precisely  the  same  as  that  which  womd  be  proauced  if  it  wc 
cooled  to  an  eoual  extent 

Oaugain  finds  that  the  development  of  electricity,  consequent  on  the  alteration 
the  tempmture  of  a  tourmaline,  is  very  much  more  marked  if  one  pole  of  the  czyst 
is  placea  in  electric  communication  with  the  earth,  than  when  the  crystal  ia  oomplike 
insulated. 

T^ermO'Eieotrieity, — ^When  two  ban  of  dissimilar  metals  are  soldered  together  i 
each  end,  a  current  of  electricity  genendly  circulates  through  the  circuit  formed  1 
them,  as  long  as  the  two  soldering  points  are  at  different  temperatures.  The  electi^ 
motive  force  developed  at  each  joint  is  a  function  of  the  temperature,  which,  : 
the  cases  that  have  been  specially  examined,  may  be  represented  by  the  formu 
J?«i  a+bt-^rci*^  where  t  is  the  temperature,  and  a,  b,  and  c  are  constants  depending  < 
the  nature  of  the  metals  used.  Consequently,  the  resultant  electromotive  force,  wh« 
the  temperatures  of  the  joints  are  t  and  t  respectively,  may  be  represented  by 

which  shows  that  the  current  vanishes  not  only  when  the  joints  are  at  the  same  ten 
perature,  or  when  t  b  t^,  but  also  when  the  sum  of  their  temperatures  attains  a  vali 

that  is  constant  for  the  same  pair  of  metals,— that  is  when  t+t^^t^-.   (A  ve  ii  ar  in 

c 
Fogg.  Ann.  cxix.  406,  637.) 

Beat  prodttoed  toy  Sleetrleity«— The  laws  regulating  the  development  of  ho 
by  the  sudden  discharge  of  frictional  electricity,  or  electricity  of  high  tension,  hm^ 
abeady  been  treated  of  in  the  article  Elbctricitt  (ii.  895),  and  in  the  same  artic 
(p.  470)  it  has  been  shown  that  the  heat  produced  by  a  continuous  current  of  electridt 
is  the  exact  equivalent  of  the  chemical  action  whereby  the  current  is  generated.  1 
the  application  of  this  rule,  the  total  chemical  action  throughout  the  circuit  must  1 
taken  into  account,  electrolytic  decomposition  being  counted  positive  or  negative  aoooit 
ing  as  the  direction  of  the  current  which  would  be  generated  by  it,  were  it  to  tal 
place  independently  of  the  battery,  is  the  same  as  that  of  the  battery  or  the  oontrar 
As  ftirther  explained  in  the  article  referred  to,  the  heat  developed  in  the  unit  of  time  b 
an  electric  current  is  related  to  the  intensity  of  the  current  and  to  the  resistance  < 
the  circuit  in  the  manner  expressed  by  the  formula : 

H'^PR. 
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Ttom  this  it  loUowi  that,  by  diminiihing  the  zeeistaneeof  the  dzcait,  the  eleetro-motire 
force  lemainiDg  the  tame,  tne  total  heat,  ff,  can  be  augmented  indefinitely,  the  inten- 
•ity.  and  therefofe  also  the  chemical  action  in  the  battery,  increasing  in  proportion 
to  the  diminution  of  resistance.  Bat  in  any  single  ^rtion  of  the  cizcuit,  whose  resist- 
ance  is  r,  the  deyelopment  of  heat  will  attain  a  maximum  for  a  psrtioular  Talue  of  r. 

The  heat  produced  in  this  part  will  in  feet  be  A  —  /V  =  — — _r,  the  value  of 

which  htst  eacpression  reaches  a  maximum  when  Siarj  B  being  the  constant  rsfistanoe 
of  the  remainder  of  the  circuit,  including  the  battery.    Bence,  in  order  that  as  large  a 

Suantity  of  heat  as  possible  may  be  generated  in  a  giyen  time  in  the  eonducting  wire, 
be  resistance  r  of  the  conducting  wire  must  be  made  equal  to  the  permanent 
resistance  B  of  the  remainder  of  the  circuit.  And,  since  the  heating  power  of 
the  current  represents  its  total  eneigy,  it  follows  that  the  same  proportion  between 
the  external  and  internal  resistance  of  the  circuit  is  the  most  adTaatageous  that  can 
be  adopted  lor  causing  the  current  to  prodnoe  changes  of  any  other  kind  outside  the 
battery. 

Thermal  phenomena  of  a  particular  kind  occur  when  an  electric  current,  instead  of 
trarersing  a  homogeneous  conductor,  passes  from  one  substance  to  another.  Then,  in 
addition  to  the  deyelopment  of  heat  corresponding  to  the  resistance  of  the  conductor, 
according  to  the  laws  stated  in  the  last  pangrai^  a  further  deTelopment  or  absorption 
of  heat  takes  place,  depending  upon  the  direction  of  the  current  If  the  current  crosses 
the  point  of  junction  of  two  dissimilar  portions  of  the  circuit,  in  the  same  direction  as 
the  thermo-electno  current  which  would  be  generated  by  the  application  of  heat  to  this 
point,  then  the  heat  deyeloped  there  is  leas  than  corresnonds  to  the  resistance  of  that 
portion  of  the  circuit,  or,  in  other  words,  heat  is  absorbed ;  if  the  current  passes  the 
point  of  junction  in  the  opposite  direction,  the  heat  generated  is  more  than  what  cor- 
responds to  the  resistance. 

With  a  junction  formed  of  the  same  two  metals,  the  deTelopment  or  absorption  of 
heat  thus  occasioned  is  proportional  to  the  intensity  of  the  current  by  which  the  junc- 
tion is  trsTersed.  Witn  combinations  of  different  metals,  the  extent  to  which  this 
phenomenon  occurs  Taries  with  the  poeitions  of  the  metals  in  the  thermo-electric 
series  (ii.  412),  being  greatest  for  those  combinations  which  give  the  most  intense 
thermo-electric  currents. 

6.  Belatiom  of  Heat  to  Meohanieal  Energy, 

In  preceding  parts  of  this  article,  we  hate  seen  that  increase  of  Tolume  and  of  elastic 
force  are  amon^  the  most  uniTersal  of  the  effects  of  heat.    In  this  way  heat  is  constantly 

5 reducing  motion,  and  when  this  motion  is  concentrated  in  a  giren  solid  body,  and  a 
efinite  direction  is  giyen  to  it,  as  in  the  steam-engine,  heat  becomes  by  far  the  most 
important  artificial  source  of  mechanical  power  that  we  possess.  ConTersely,  inuumer- 
abu  familiar  &cts  supply  us  with  illustrations  of  the  i^oduction  of  heat  at  the  expense 
of  mechanical  work.  Thus,  in  all  machines  there  is  a  certain  loss  of  mechanical 
enogy,  the  work  performed  by  the  machine  never  representing  the  full  equivalent  ot 
the  work  needed  to  drire  it  That  portion  of  the  mechanical  energy  supplied  to  the 
machine  which  is  wasted,  so  fiur  as  the  perfbrmasce  of  useful  work  is  concerned,  is 
expended  in  orercoming  ^e  passiTS  resistances  by  which  the  motion  of  the  machine  is 
opposed ;  such,  for  instance,  as  friction  between  contiguous  surfaces  not  moving  with 
toe  same  ydodtr,  or  the  rigidity  of  straps  or  cords  lued  to  transmit  movement  from 
one  part  to  another.  But,  whenever  motion  is  produced  in  opposition  to  friction,  or  a 
rigid  body  is  forcibly  bent,  heat  is  generated ;  the  mechanical  energy  expended  in  pro- 
ducing these  effects  is  lost  to  the  purposes  of  the  machine,  but  the  heat  evolved  is  its 
representative.  Percussion  is  another  means  by  which  mechanical  energy  can  be  de- 
stroyed and  heat  generated  in  its  stead.  These  and  similar  fiMts  have  long  attracted 
the  attention  of  ^iloeophers,  and  great  importance  has  been  attached  to  them  in  re^ 
fsrence  to  most  of  the  theories  that  have  been  suggested  ftcfm.  time  to  time  to  explain 
the  nature  of  heat  and  the  effects  which  it  produces.  The  following  is  a  quotation 
from  Black's  Lectures  on  ChenUetry  (vol.  i.  pp.  31,  32),  and  relates  to  Bacon's 
investigations  into  the  nature  of  heat  contained  in  his  treatise  Deformd  Calidi:  ^ 

"  The  only  conclusion,  however,  that  he  **  (Lord  Yerulam)  "  is  able  to  draw  from  the 
iHiole  of  his  facts,  is  a  veiy  general  one,  vix.  that  heat  is  motion. 

'*  This  conclusion  is  founded  chiefljr  on  the  consideration  of  several  means  by  which 
heat  is  produced,  or  made  to  appear,  in  bodies ;  as  the  percussion  of  iron,  the  faction 
of  solid  bodies,  the  c<dlision  of  fiint  and  steel. 

*'  The  first  of  these  examples  is  a  practice  to  which  blacksmiths  have  sometimes 
recourse  for  kindling  a  fire ;  they  take  a  rod  of  soft  iron,  half  an  inch  or  Isss  in  thick- 
ness, and,  layinff  tlM  end  of  it  upon  their  anvil,  they  turn  and  strike  that  end  very 
quicidy  on  its  different  sides,  with  smart  blows  of  a  hmmm«.    It  Vflfl7  soon  beoom<« 
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ted  hot,  and  can  be  employed  to  kindle  ahayingi  or  wood».  or  other  very  oombfoatibk 
matter. 

"The  heat  prodneible  hy  the  strong  friction  of  solid  bodies,  oocnrs  often  m  sqbi 
parts  of  heayy  machinery,  when  proper  care  is  not  taken  to  diminish  that  firietion  ai 
much  as  possible,  by  the  interposition  of  lubricating  substances ;  as  in  the  axles  g^ 
wheels  thi^  are  heayy  themselyes,  or  heayily  loaded.  Thick  fiorests  are  said  to  hsn 
taken  fire  sometimes,  by  the  friction  of  branches  against  one  another  in  stoimj  weather 
And  sayages,  in  different  parts  of  the  world,  have  recourse  to  the  friction  of  pieces  o 
wood  for  kindling  their  fires.    .... 

**  The  third  example  abore  adduced  in  the  collision  of  flint  and  steel,  is  imiTenall^ 
known. 

"  In  all  these  examples,  heat  is  produced  or  made  to  H^pear  suddenly,  in  bodia 
which  have  not  reoeiyed  it  in  the  usiul  way  of  communication  from  others^  and  the  onlj 
cause  of  its  production  is  a  mechanical  foroe  or  impulse,  or  mechanical  yioleoce." 

f^om  these  and  many  other  similar  phenomena,  it  is  abundantly  dear  that,  hj  thi 
expenditure  of  heat,  mechanical  work  can  be  eflfected,  and  that  heat  can  be  prodnoed  h} 
the  expenditure  of  work.  Dismissing,  therefore,  for  the  present,  all  considentioiis  u 
to  the  ultimate  natore  of  heat,  we  may  say  that  heat  and  work  are  mutually  oonyertiUe, 
and  we  haye  in  this  section  to  consider  the  conditions  which  regulate  the  tranafomiatioE 
of  one  of  these  forms  of  energy  into  the  other. 

H^ork  iMTodneed  bj  Beat. — ^The  measure  of  the  work  done  by  heat,  when  il 
causes  expansion,  is  obyiously  the  product  of  the  resistance  oyercome  into  the  mpaa 
throuffh  which  the  expansion  takes  place;  that  is,  if  r  denote  the  resistance,  and  v  and  t 
the  initial  and  final  yolumes  of  the  body  which  undergoes  expansion,  the  work  done  h} 
the  heat  will  be  represented  by 

^  -  r(i^  -  V). 

In  estimating  the  resistance  by  which  the  expansion  of  a  giyen  body  is  opposed,  it  it 
needfol  to  take  into  account^  not  only  the  external  pressure  upon  its  sorfoce,  but  also 
as  has  been  already  pointed  out  (pp.  40  and  73 X  tne  molecutsf  forces  which  tend  U 
maintajn  unaltered  the  relative  positions  of  its  ultimate  partides.  The  work,  jL,  per 
formed  by  heat  when  it  causes  expansion,  must  therefore  be  considered  as  maide  up  oi 
the  internal  work,  a^  performed  in  opposition  to  internal  molecular  forces,  and  ihi 
external  work,  a^  o^iended  in  oyerooming  external  pressure.    In  solid  and  liquic 

bodies  the  ratio,  ^,  of  the  internal  to  the  external  work  is  yery  considerable,  but  in  i 

perfect  gas,  the  resistance  to  expansion  arising  from  the  mutoal  attractions  of  thi 
molecoles  is  insensible,  and  therefore  also  the  expenditure  of  work  in  oyerooming  thx 

resistance  is  inaenmble:  hence,  in  this  case  --^  —  0,  or  o^  »  if .     But  since  it  is  tbi 

external  work  only  which  is  ayailable  for  the  production  of  external  effects,  the  oon^ 
sideration  of  the  transformation  of  heat  into  mechanical  energy  is  much  simpler  in  tlM 
ciase  of  gases  than  in  that  of  liquid  or  solid  bodies ;  it  is  frirther  much  the  mosl 
important  practically,  for  althou^  the  heat  employed  in  the  performance  of  interna] 
work  upon  solids  or  liquids  is  not  necessarily  lost  ultimately,  it  is,  for  the  time  at 
least,  totally  unavailableu    We  may  perhaps  compare  the  traxisfonnation  of  heat  intc 
work  with  the  commercial  transformation  of  labour  into  wealth :  then,  a  pc 
will  represent  a  medium  of  transformation  comparable  with  an  industrial  proo 
requires  no  preyious  expenditure  on  the  psrt  of  the  workman  to  enable  him  to 
his  labour  for  wages ;  while  a  sdid  or  liquid  will  represent  a  medium  of  trand 
comparable  with  a  process  whidi  can  only  be  earned  out  by  the  preyious  in 
of  a  considerable  capital    The  capital  thus  "sunk"  may  be  realiBed  again 
future  time,  but  it  represents  a  certain  quantity  of  labour,  which,  for  the  tii 
cannot  be  tzansfonned  into  wealth. 

In  order  that  work  may  be  continuonaly  performed  by  heat,  it  is  not  enooj 
portion  of  vr  or  other  gas  should  be  expanded  once  for  all  in  a  cylinder  dc 
piston,  or  in  any  other  similar  apparatoa.  It  is  true  that  motion  would  be  1 
duced,  and  that  this  might  be  the  frill  equiyalent  of  the  heat  expended,  but  th 
would  soon  eome  to  an  end.  Ftectically,  the  extent  to  which  a  gas  can  be  < 
•o  as  to  produce  motion,  is  yery  limited,  both  by  the  size  of  the  appazatos  th 
laed  and  by  the  temperatures  that  are  attainable.  In  order  that  the  proces 
continuous,  the  action  of  the  machine,  by  means  of  wluch  the  transformation  ii 
must  be  periodic:  after  a  certain  cyde  A  changes,  all  its  parts  must  return  to 
relatiye  positions  and  condition  as  they  had  at  first,  and  the  air  or  gas  must 
its  original  pressure  and  temperatoie.  8neh  a  cyde  might  eyidentiy  be  repea 
finitely,  and  if  any  transformation  of  heat  into  work  were  effected  by  it,  i 
amount  of  transformation  would  take  place  each  time  the  cyde  was  complc 
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pagra  50  aod  51,  we  saw  that  in  the  paaaige  of  a  gas  through  a  raoceesion  of  oondi- 

tions,  with  respect  to  temperature,  pressure,  and  Tolune,  which  can  be  represented 

sraphically  by  a  rectangle,  and  are  sneh  that  the 

final  state  of  the  gas  is  the  same  as  its  state  at  the  ^'  ^'' 

beginning  of  the  process,  a  certain  quantity  of  heat  is 

expendeo,  iHuch  ia  proportional  in  amount  to  the 

area  of  the  reetan^^e  representing  the  succession  of 

changes;  but  it  was  sot  there  explained  what  be- 

eomes  of  the  heat  thus  expended. 

Betaming  to  the  eonsMctation  of  this  ease»  and 
using  the  same  notation  as  before,  it  is  plain  that, 
durinff  the  passage  of  the  gas  from  the  state  A  to  the 
state  o,  through  the  intermediate  stages  represented 
by  the  lines  AD,  DB,  a  quantity  of  won  is  performed, 
which  is  represented,  in  kilogramme-metres»  by 

Bad  that  while  the  gas  returns  from  the  condition  B 
to  the  condition  A,  alo^g  BCA,  there  is  expended  a 
quantity  of  work  represented  by  v  »  y 

and,  therefiNM^  during  the  whole  cycle  ADBCA,  a  quanti^  of  wodL  is  ultimately  gained 
equal  to 

^-^'-(p'-l))(t^-ir). 

But,  by  the  last  equation  on  page  51,  the  amount  of  heat  expended  at  the  same  time  is 

therefinc^  between  the  heat  eoqmided  and  the  wodL  produced,  there  exists  a  relation 
expressed  by  the  equation 

If  we  assume  that  the  difference  between  the  spedfie  heat  under  constant  pressure  and 
the  specific  heat  at  constant  Tolume  is  constant  for  each  gai^  and  is  inverselT  propor- 
tional to  its  density  (a  relation  which  is  implied  in  equation  (a),  p.  42),  the  coeffi- 
cient of  (if  —  if')  in  this  expression  is  constant;  we  may  therefore  represent  it  by  -p* 
and  write  equation  (n)  thus : 

C-C^-ir(if-if')       or       E(Q^Qr)^A^A\ 

That  is  to  say,  the  heat  expended  is  prmportional  to  the  work  performed,  and  vieewrsd  ; 
so  that  for  eadi  kilogramme-degree  of  heat  expended,  a  quantity  of  work  is  performed 
equal  to  E  kilpgramme-metres. 

The  value  of  £  can  be  deduced  horn  equation  (»)  by  introducing  the  numerical 
values  of  the  constants,  namely : 

H  -  10,883  kikgr.,  a  -  0  003665,  2>  -  1-293  kilogr. 

c'-  0-2374,  and  e  -  0*168  (p.  42). 

These  values  giro  us : 

£-423; 

that  is  to  say,  when  heat  is  tzansfbrmed  into  work,  every  kilogramme-degree  of  heat 
(1000  of  the  heat-uni1»  hitherto  employed  in  this  article)  consumed  generates  423 
kilogramme-metres  of  work ;  or,  more  generally,  the  heat  needed  to  raise  the  tempera- 
ture of  any  given  weight  of  water  from  0^  to  1^  C,  is  equivalent  to  the  amount  of 
mechanical  energy  required  to  raise  423  times  the  same  weight  of  water  throu^  one 
metre  from  the  sur£ue  of  the  earth. 

The  ratio  Eis  therefore  called  the  mechanical  equivalent  of  the  unit  of  heat, 
and  its  reciprocal  is,  as  we  shall  see,  the  thermal  equivalent  of  the  unit  of  work. 

That  the  relation  between  the  heat  enended  and  the  work  generated  is  necessarily 
oonstantt  whatever  the  process  may  be  by  which  one  is  transformed  into  the  other, 
results  from  the  foUoning  considerations.  If  by  one  process  a  unit  of  heat  could  be 
made  to  perform  B  units  of  work,  and  by  another  process  E  •¥  e  units  of  work  could 
be  generated  by  the  same  Quantity  of  heat^  a  portion  of  the  mechanical  energy  produced 
in  tbis  second  process  roi^^t  be  expended  in  reversing  the  first,  so  as  to  regenerate  the 
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oriffinal  quantitj  otLeat :  thai  by  cottbimng  the  two  proMesce>  the  tet  being  wivkc4 
bedLwardiB,  e«oh  unit  of  heat  expended  would  reprodooe  itself  and  e  unite  of  work  in 
addition ;  there  would  thus  be  genemtion  of  mechanical  energy  without  any  coneipoikU 
ing  annihilation  of  any  other  form  of  energy.  (The  principle  here  impliedi  tnat  a 
given  qnantity  of  wotk  is  capable  of  giving  rise  to  as  much  beat  as  is  needed  for  iXM 
own  production,  results  from  the  above  equation  (ii)»  but  it  will  be  fbrther  considered 
in  what  follows.) 

Nevorthelees,  in  consequence  of  the  unavoidable  defects  of  all  experimental  nroeeasea, 
the  values  of  E  dedudble  by  different  methods  are  not  exactly  equal,  but  toe  agree- 
ment between  them  is  quite  sufficient  to  establish  the  fundamental  prindide  of  the 
real  constancy  of  the  relation  between  heat  and  work.  A  table  giving  the  results  of 
the  most  important  determinations  of  this  ratio  will  be  found  further  on  mAnr  tW 
head  Heat  produced  by  Work. 

Under  all  circumstances,  the  quantity  of  heat  which  must  be  employed  ia  order  to 

effect  the  transformation  of  a  given  amount  of  it  into  work  considerably  eseeeds  th« 

quantity  transformed.    In  the  example  above  considered,  the  total  quantity  of  hcai 

imparted  to  the  gas  was  Q;  but  of  the  work.  A,  generated  by  this  amount  of  heat 

during  the  passage  of  the  gas  from  the  state  A  to  the  Mate  B,  a  certain  poilioB,  Jf^ 

was  employed,  durinffthe  return  of  the  gas  to  its  initial  state,  in  regeneraSiBg  f  ho 

quanti^  of  heat  Q,  The  useM  work  performed  was,  therefore,  A  —  A\  and  the  q«a»- 

tity  of  heat  transformed  was  Q  —  ^,  and  the  ratio  of  this  to  tiie  total  heat  espkyed^ 

Q  —  Q 
namely,  ■    ^    ,  represents  the  efficiency  of  the  process  of  transformation,  or  the  valoe 

of  the  en^e  in  which  it  takes  place  as  a  source  of  mechanical  energy.  The  laaaiuiMs 
value  which  tlus  fraction  is  capable  of  attaining,  depends  on  the  range  of  temperataro 
passed  through  by  the  fluid  which  is  the  medium  of  transformation.  This  can  Ve  most 
easily  demonstrated  in  a  case  whero  the  changes  of  the  volume  of  the  gas  take  plaee  at 
constant  temperatures ;  that  is,  where  it  is  kept  at  one  temperature  £iring  the  whole 
process  of  expansion  and  at  another  durine  the  whole  process  of  contraction. 

These  conmtions  are  approximately  reahsed  practically  in  the  air-engine  isveoted 
by  the  Kev.  Bobert  Stirling,  in  1816.  This  engine  consists  essentiallpr  of  two  cyliBders  ; 
a  larger  one  to  which  the  heat  is  applied,  which  we  may  call,  for  distmction,  the  keatiag 
cyUnaer,  and  a  smaller  one,  which  may  be  called  the  working  cylinder,  whciein  the 
tranformation  of  heat  into  work  takes  place.  The  bottom  of  the  working  CTrlinder  io 
connected  by  a  pipe  without  a  valve  with  the  top  of  the  heating  cylinder.  Within  the 
heating  cylinder  is  a  plunger,  composed  of  non-conducting  materials,  which  ocevpiea 
nearly  half  its  length,  and  between  it  and  the  sides  of  the  cylinder  are  pasaages  by 
which  the  air  can  pass  from  one  end  to  the  other  when  the  pluog^  is  raised  or  lowetred. 
In  the  working  cyunder  is  a  piston  which  fits  it  air-tight ;  this  piston  and  ih%  plvngrr 
of  the  other  cylinder  are  both  attached  by  connecting  rods  to  cranks  fixed  to  toe  same 
axle,  but  malung  an  anele  of  nine^  degrees  with  each  other.  The  heating  cyhnder 
is  closed  at  the  top,  and  the  rod  from  which  the  plunger  hangs  passes  through  an 
air-tight  stuffing  box ;  the  working  cvlinder  is  open  at  the  top.  Heat  is  applied  to  the 
bottom  of  the  heating  cylinder,  and  the  upper  part  is  kept  cooL 

The  action  of  the  engine  is  as  follows :  Suppose  the  plunger  to  be  at  the  top  of  the 
heating  cylind^,  and  consequently,  the  piston  m  the  working  cylinder  in  the  middle  of 
its  stroke ;  then,  if  heat  is  applied  to  the  bottom  of  the  heating  cylinder,  the  air  con- 
tained thero  below  the  plunger  will  be  expanded,  and  will  press  the  piston  vpwards ; 
but  the  motion  of  the  piston  being  communicated  through  the  axle  to  the  pluBcer,  the 
latter  will  descend,  and  displacing  the  heated  air  from  the  bottom  of  tiie  heating 
cylinder,  drive  it  into  the  cool  space  at  the  top.  The  elastic  force  of  the  air  bcmg  thus 
diminished,  the  piston  will  be  forced  down  by  the  pressure  of  the  air  upon  its  uroer 
sur&ce ;  the  plunger  now  returning  to  the  top  of  the  heating  cylinder,  the  air  will  be 
dri^u  to  the  bottom,  whero  it  will  be  again  heated,  and  the  piston  wiU  be  again  forced 
up  by  its  expansion.  Thus  by  the  alternate  heating  and  cooling  of  the  same  qmintity 
of  air,  the  motion  of  the  engine  is  kept  up. 

In  consequence  of  the  manner  in  which  the  piston  and  plunger  are  respectively  con- 
nected with  the  axle,  each  attains  its  maximum  velocity  while  the  other  is  at  rest,  so 
that  the  action  of  the  engine  during  one  rovolution  may  be  considered  as  essentially 
made  up  of  four  periods :  in  the  first,  the  temperaturo  of  the  air  is  raised,  its  volume 
romaining  the  same,  and  consequently  its  pressiure  increasing;  in  the  second,  the  air 
expands,  performing  work,  but  so  much  heat  is  imparted  to  it  during  the  exponsioii, 
that  its  temperaturo  remains  constant ;  in  the  third  period,  the  temperaturo  of  the  air 
is  reduced  to  what  it  was  at  the  beginning  of  the  first  period,  its  volume  being  unaltered, 
and  thereforo  its  elastic  force  being  diminished ;  and  in  the  fourth,  it  is  compressed  to 
its  original  volume,  the  heat  generated  by  the  compression  being  withdrawn,  so  that 
the  air  remains  at  the  same  temperaturo  throughout  the  whole  process.    These  four 
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kaoomKwe  opermtion^  oonttitatuig  together  one  eyde  in  the  action  of  the  engine,  m$j  be 
repreeeMted  by  adiigram  each  a8>E^.  648,  where  the  abeciMft  0  A  repreeentt  the  Toromo 
v^ofauiitofweightofairattheim- 

tialte»peratiire<o*^<^  the  ordinate  _  ^.548. 

AH  Mpreeentfl  the  correipondiiu^ 
preeeveoo*  The  air  ia  first  heateo, 
without  change  of  volnme,  from  the 
temperature  t^  to  the  temperature 
ti ;  danag  this  operation,  its  elastic 
foree  increases  to  pi,  represent^ 
intliedunwm  by  the  ordinate  AP; 
imd  l#  net  this  change  aqnantity 
of  heat  espial  to  o(ti  —  t^  mnstbe 
imparted  to  it,  0  being  the  specific 
beat  of  air  at  a  constant  Tolnme; 
but  as  ne  expansion  takes  pkce,  no 
woH^  is  performed.  Next,  the  air 
expands  from  the  Tolome  n^  to  the 
Toliune  e^,  represented  by  the 
absdflsa  O  B.  Since  the  tempera- 
tore  of  tiM  air  is  kept  constant  while  it  expands,  the  pressure  yaries  inversely  as  the 
Tolome,  a  relation  represented  by  the  hyperbolic  arc  P  Q,  so  that  the  final  pressure  of 
the  expanded  air  is  represented  by  the  ordinate  B  Q.  During  this  operation,  external 
work  IS  performed,  which  is  obviously  proportional  to  the  area  APQB,  contained 
between  the  arc  P  Q,  the  axis  of  abscisssB,  and  the  two  ordinates  A  P  and  B  Q.  But 
in  order  to  prevent  the  cooling  of  the  gas  during  its  expansion,  a  quantity  of  heat,  a, 
must  be  ^ven  to  it,  of  which  the  mechanical  equivalent  is  exactly  the  external  work 
which  this  area  represents.  In  the  third  operation,  the  air  is  cooled  to  its  initial  tem- 
perature ^,  its  volume  remaining  unaltered,  and  therefore  no  work  being  generated  or 
expended.  The  pressure  is  thus  reduced  from  B  Q  to  B  N,  and  a  quantity  of  heat 
requires  to  be  withdrawn  equal  to  c  (^  —  t^y  Lastly,  the  air  is  compressed,  while  kepi 
at  the  CQBstant  temperature,  t^  to  its  original  volume  v^.  To  effect  this,  work  must  be 
expended  and  heat  must  be  removed  ftxmi  the  air.  The  relation  between  volume  and 
pressure  being  represented  by  the  hyperbolic  are  NM,  the  work  needed  for  the  oom- 
preeeien  of  the  air  is  represented  by  die  area  AH  N  B,  and  is  precisely  the  mechanical 
cquivaleflt  of  the  quantity  of  heat,  q\  which  must  be  withdrawn  from  the  air  in  order 
to  mawitain  its  temperature  constant  during  the  process. 

Aceocdlngly,  during  the  first  two  operations,  the  air  recerres  a  ouantity  of  heat 
equal  tec  (^~^o)  +  9*  <^d  developes  a  quantitv  of  external  work  geometrically 
repreeented  by  the  sur&ce  APQB.  In  the  two  following  operations  the  air  loses  a 
quantity  of  heat  equal  to  c  (<i  -  i^)  -^  ^,  and  there  is  expended  a  quantity  of  work 
ffeometrioally  represented  bv  die  surface  AHNB.  The  ultimate  useful  expenditure  of 
beat  is,  therefore,  q~^,  and  the  available  quantity  of  work  generated  is  represented 
by  the  area  HPQK,  or  the  difference  between  APQB  and  AHNB.  The  total  ex- 
pendttore  of  heat,  during  the  complete  cyde  of  operations,  is  j ;  the  quantity  q'  given 
out  by  the  air  during  its  compression  at  the  temperature  t^  cannot  in  any  way  be 
made  available  for  the  maintenance  of  the  action  of  the  machine,  and  may  therefore  be 
eonndered  as  entirely  lost.  The  quantity  of  heat  e  (/i  — ^oX  ^hich  the  air  gives 
out  wben  cooled  from  the  temperature  i^  to  the  temperature  ^ot  '"^Ji  on  the  con- 
trary, be  employed  to  heat  another  quantity  from  <o  to  t^^  and,  therefore,  does  not 
make  part  of  the  ultimate  expenditure.  The  reason  why  this  portion  of  heat  can  be 
leoavered,  while  the  quantity  ^  cannot,  is,  that  it  is  heat  of  a  higher  temperature, 
wheieaa  ^,  bdns  heat  of  the  temperature  t^  is  useless  for  heatinff  any  body  to  a 
teoqittaitare  higher  than  t^.    The  ratio  of  the  usefbl  expenditure  of  heat  to  the  total 

expenditare  is,  therefore,  2ll£. 

The  values  of  the  quantities  q  and  c'  can  be  found  as  follows: — representing  the 
techanical  equivalent  of  heat  by  2^  we  have^  as  a  consequence  of  the  above  disouseiony 

Eq    -*     surCAPQB,     vad^Eq     -    surf.  AHNB, 
and  consequently 

g-g*    ^     surf.  APQB  --surf.  AHNB 
q       ^  furfoceAPQB  ' 

But  PQ  and  HN,  being  each  an  are  of  a  rectangular  hyperbola  of  which  the  .lines  of 
no  vohune  and  no  pre«ure^  OY  and  OX,  an  the  asymptotes,  it  follows  that  the  ■nt&ce 
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APQB  ij  to  the  mahce  AMNB  ai  AP  to  AM.  Therefore,  ±Zjf  .  4LjZ-^ 
.  P^  "  ^p..  But  j»i  and  j>o  •'e  ^^  pnosnres  exerted  bj  the  umc  bum  of  gm, 
uider  the  eame  Tolmne,  v^,  at  the  two  tempentares  ti  and  <« ;  coMeqneaily^ 
£^i»  JLlii  (bj  equation  ^  p.  46^  and— 


- 1  and  To  representing  the  absolate  tempemtnive  (see  p.  52)  ooneiponding  t9  th0 
eentigrade  temperatures  t^  and  <o* 

A  similar  investiffation  of  anj  other  engine  in  which  work  is  generated  bj  ihm 
eocpenditiire  of  heat  in  causing  the  alternate  expansion  and  contraction  of  a  gu,  woaM 
lead  to  the  same  expression  for  its  mazimnm  efficiency ;  henoi^  in  eyeiy  air-engmeir 
whatever  its  mode  of  action,  provided  no  heat  is  spent  uselessly  in  causing  chaagts  e£ 
temperature^  the  ratio  of  the  useful  expenditure  of  heat  to  the  total  expenditnre  is 
e^ual  to  the  difference  of  the  absolute  temperatures  between  which  the  engine 
divided  by  the  highest  of  these  temperatures. 

The  agreement  of  this  theoretical  deduction  with  the  results  of  practical  expc 
is  one  of  the  most  conclusive  aienments  that  can  be  brought  forward  in  fkvour  of  the 
Tiew  which  regards  heat  as  a  mode  of  energy  convertible  into  mechanical  energy,  and  ui. 
opposition  to  the  older  view,  according  to  which  heat  is  regarded  as  an  indestrvetibls 
entity,  and  the  production  of  mechanical  eneisy  by  it,  as  depending  upon  its  tiana- 
ferenoe  &om  a  hotter  to  a  colder  body.  Aoooromg  to  this  latter  theoiy,  the  effidcaey 
of  an  air-engine  oug^t  to  be  much  greater  than  that  of  a  steam-engine, — a  oondoBon 
which  has  not,  however,  hitherto  been  confirmed  in  practice.  Taking  a  special 
example,  the  quantity  of  heat  transformed  into  work,  compared  with  the  total  hest 
snpphed  to  a  steam-engine,  might  be  calculated  upon  this  theory,  as  follows: — ^Let  the 
engme  be  supposed  to  be  worked  at  a  pressure  of  6  atmospheres,  and  consequently  si 
the  temperature  162^.  Each  kilog;ramme  of  saturated  steam  supplied  to  the  cylaiitr 
at  this  temperature  requires  for  its  formation,  according  to  B^aulf  s  expeiuBenla 
(p.  97X  653  kilogramme-degrees  of  heat,  minut  the  heat  contained  in  the  water  intli 
which  the  boiler  is  fed.  If  we  suppose  the  engine  to  be  worked  expansivdv,  down  to 
the  pressure  of  the  atmosphi»re,  and  that  the  steam  remains  saturated  during  tBr 
expansion,  it  will  escape  into  the  atmosphere  with  the  temperature  100^,  and  whe» 
cooled  again  to  the  temperature  ^,  of  the  water  supplied  to  the  boiler,  each  kilogranune 
will  give  out  637 —<  kuogramme-degrees  of  heat :  under  these  conditions^  tho^fore, 
the  steam  only  loses,  during  its  expansion  in  the  engine,  (653  —  ^^—(637  ^  f)  ^  IS 
degrees  of  heat  out  of  the  whole  quantity  contained  in  it.  Xft,  the  inilaal  temperatare 
of  the  water,  be  10®,  for  example,  643  kilogramme-degrees  of  heat  will  have  been 
required  to  generate  each  kilogramme  of  steam,  and  the  fraction  ^  or  not  quite  ^ 
will  represent  the  proportion  of  the  total  heat  which  has  been  converted  into  mechanical 
energy.  The  value  of  this  fraction  may  be  increased  somewhat  by  adding  a  condenser 
to  the  engine,  so  as  to  obtain  a  greater  range  of  expansion.  If,  for  example,  the 
temperature  of  the  condenser  is  40°,  and  the  steam  expands  in  the  cylinder  until  its 
tension  is  the  same  as  that  in  the  condenser,  or  55  millimetres,  conditions  which  are 
never  quite  attained  in  practice,  the  quantity  of  heat  given  up  to  the  condenser  by 
each  kilogramme  of  steam  will  be  619  ~  40  »  579  kuogramme-denees ;  and  if  the 
boiler  is  fed  with  the  condensed  water  at  the  temperature  40®,  the  formation  of  this 
quantity  of  steam  will  have  required  653  «  40  »  613  kilogramme-degrees.  In  this 
case,  therdbre,  613  —  579  »  34  parts  of  heat  will  be  converted  into  work  out  of 
every  618  parts  imparted  to  the  boiler:  accordingly^  or  very  nearly  ^  will  be  the 
fraction  representing  the  efficiency  of  the  engme. 

This  calculation  (borrowed  from  Resnault,  Him.  Acad.  Sciences,  xxvi.  introd, 
pp.  T.  vi),  it  will  be  observed,  supposes  that  all  the  heat  which  is  not  regained  in  the 
condenser,  or  contained  in  the  steam  which  escapes  into  the  atmosphere,  has  been 
converted  into  work :  nevertheless,  the  efficiency  of  the  en^e  comes  out  much  below 
what  is  actually  attained  in  practice.  Bv  carefol  experiments  on  large  engines,  of 
upwards  of  100  horse-power,  in  which  the  loss  of  heat  by  radiation  and  conduction,  or 
by  other  accidental  causes,  was  estimated  and  allowed  for,  as  accurately  as  possible,^ 
Him  found  that  the  difference  between  the  quantity  of  heat  supplied  to  tlie  Ixmer,  and 
that  absorbed  by  the  condenser,  amounted  to  between  ^and  |,  on  an  average  to  about 
{,  of  the  former  quantity.  Practically,  therefore,  the  steam  engine  is  between  twice 
fnd  three  times  as  efficient  a  machine  as  would  appear  from  the  above  calculation. 

The  key  to  this  contradiction  between  theory  and  practice,  lies  in  a  false  assumption 
that  has  been  made  in  the  calculation.    It  was  assumed  that,  when  saturated  steam 
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^OBpUiAn  in  Ike  ^linder  of  a  steam-engine,  it  remains  in  the  state  of  satoratad  steam, 
mad  the  heat  contained  in  it  wis  estimated,  in  aooordanoe  with  this  supposition,  from 
Regnanlt's  determinations  of  the  total  heat  of  saturated  steam  at  Tarions  tempe- 
vatnrea.  In  Uet,  howerer,  satorated  steam,  if  it  performs  external  work  while  ezpsnd- 
in^  suflfers  partial  condensation  at  the  same  time,  and  the  latent  heat  of  Taporisation 
of  the  steam  which  condenses  becomes  available  for  the  production  of  work  in  the 
cylinder.  It  is  not  therefote  saturated  steam  which  escapes  from  the  cylinder  of  an 
«ogine  workinff  under  the  conditions  we  have  supposed,  but  a  mixture  of  steam  sod 
water,  ff>nt^ining  a  quantity  of  heat^  less  than  the  total  heat  of  Taporisation  of  an 
«qual  weight  of  saturated  steam  at  the  same  temperature  by  the  latent  heat  of  Ta- 
porisation of  the  proportion  of  water  present.  The  necessity  of  this  condensation  was 
oednoed  by  Rankine  in  1849,  and  soon  afterwards  by  Clausius,  as  aneoessarr  con- 
aeqoence  ot  the  existfence  of  the  mechanical  equiTalent  of  heat,  and  shown  to  be  the 
Dnndpal  caase  of  the  accumulation  of  water  in  u]\jacketed  steam-cylinders,  which  had 
long  been  known  as  a  practical  incouTenience  in  the  woriung  of  steam  expuisivel^. 
The  benefidal  efieet  of  employing  siq)erheated  steam,  and  of  enclosing  the  cylinder  in 
M  steam-jacket,  is  that  the  steam  can  then  expand,  performing  extermd  woric,  without 
ondeigoing  lique&ction.  The  condensation  of  aqueous  Tapour,  when  it  does  work  on 
^-^pi^rting^  is  distinctly  seen  in  the  fionnation  of  a  mist  under  an  air-pump  receiTer, 
containing  moist  air,  when  the  piston  of  the  pump  is  raised. 

The  fii^  that  a  considerable  pert  of  the  heat  sumdied  to  a  steam-boiler  is  consumed 
in  couTeiting  the  water  into  steam,  is  not  therefore  a  reason  why  an  air-engine,  in 
which  no  portion  of  heat  is  similarly  expended  in  causing  a  change  of  state,  should  be 
more  efficient  than  a  steam-engine ;  and  the  iuTestigation  of  the  conditions  under  which 
woik  is  generated  in  the  steam-engine  leads  to  the  general  result,  that  the  efficiency  of 
any  heat-enp;ine  is  independent  of  the  nature  of  the  fluid  which  is  the  .medium  of 
transformation  of  heat  into  work,  and  which  may  be  air,  steam,  or  any  other  vapour  or 
gas ;  but  that,  supposing  the  reception  of  heat  to  take  place  wholly  at  one  temperature, 
and  the  rtjection  of  heat  wholly  at  another,  the  heat  transformed  into  mechanical 
energy,  is  to  the  whole  heat  receiTed  by  the  fluid,  as  the  range  of  temperature  is  to  the 
absolute  temperature  at  which  heat  is  received,  and  that,  between  g|iven  limits  of  tem- 
perature, thea&aximum  efficien^is  attained  when  the  reception  and  rejection  of  heat  take 
place,  in  the  manner  just  stated,  at  the  highest  and  lowest  temperatures  respectively. 

The  most  conclusive  confirmation  of  Uiis  result  is  that  when  it  is  applied  to  the 
calculation  of  the  mechanical  equivalent  of  heat  from  Hirn's  experiments  on  large 
steam-engines  already  referred  to,  the  mean  number  found  is  4 1 3,  which  differs  by  only  2^ 
per  cent  from  that  <leduced  at  the  beginning  of  this  section  from  the  thermodynamic 
properties  of  air. 
M9mt  prodneed  bj  H^oik* — ^In  the  introduction  to  this  article  (p.  16),  it  ia 

rinted  out  as  a  general  fiict  that  heat  maybe  generated  by  reversing  any  of  its  effects, 
process  by  which  heat  is  made  to  ^^enerate  work  may,  therefbre,  l:y  reversal,  become 
a  process  fi  the  conversion  of  work  into  heat  But,  as  mentioned  at  the  place  quoted, 
mechanical  energy  ma^  be  transformed  into  heat  by  non-reversible  processes,  such  as 
its  expenditure  in  friction  or  percussion.  There  are  also  indirect  methoos  of  transforming 
work  into  heat  which  cannot  be  reversed,  step  by  step ;  for  instance,  mechanical  energy, 
used  to  give  motion  to  a  magneto-electric  machine,  can  be  caused  to  generate  electricity, 
and  this  electricity,  if  not  expended  in  effecting  chemical  chanses  or  in  reproducing  me- 
chanical energy,  takes  the  form  of  heat  in  traversing  the  conducting  wire,  althou^  by 
applying  heat  to  the  homogeneous  conductor,  electricity  could  not  be  regenerated.  This, 
therefore,  is  an  indirect,  non-reversible,  process  of  transformation.  But  it  is  found  that 
whether  the  process  by  which  mechanical  energy,  or  work,  is  converted  into  heat  is 
direct  or  indirect,  reversible  or  non-reversible,  the  quanti^  of  heat  generated  by  a 
given  quantity  of  mechanical  energy^  eroended  is,  within  the  limits  St  experimental 
enor,  always  the  same,  and,  within  simimr  limits,  the  same  as  the  quantity  of  heat  re- 
quired to  regenerate  the  original  quantity  of  mechanical  energy. 

The  simplest  mode  of  transforming  work  into  heat,  is  perhaps  the  compression  of  a 
gas,  by  which  means,  as  in  the  familiar  experiment  of  the  fire-syringe,  a  temperature 
soAciently  high  to  inflame  easily  combustible  substances  can  be  produced  without 
difficulty.  The  generation  of  heat  in  this  manner  can  be  made  a  continuous  process,  by 
ahemately  compresssing  the  gas  at  a  hi^  temperature  and  allowing  it  to  expand  at  a 
low  temperature.  The  reversal  of  the  four  <^>erations  represented  by  the  dii^ram,>l^. 
647,  p.  121,  would  constitute  such  a  jHrncess,  and  by  the  application  of  reasoning  sndi 
as  that  meviously  employed  in  the  consideration  oif  this  case,  it  is  evident  that  the 
work  which  it  would  be  necessary  to  expend,  in  order  to  effect  this  reveml,  would  be 
represented  ]>j  A—  Jt,  and  that  the  heat  generated  thereby  would  be 

c  -  e  «  i  (^  -  n 

£,  being  as  before^  the  mechanical  equivalent  of  heat 
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The  ezpenditon  of  meehinical  energy  in  oompreMUiff  liquid  and  aolid  bodi»  is  akv 
•ttended  with  the  prodnction  <:^  heat.  Aoooiding  to  Thomson,  the  thennal  dfect  of 
compression  may  be  expressed  by  the  fonnnla : 

wfaflve  #  is  the  effiset  in  question,  r  the  abs(date  t«mp|enitnre,  athe  ooeAdent  of  expo*' 
sion  by  heat^  p  the  pressore,  E  the  medianieal  eqniralent  of  heat>  and  e  the  specdfe 
heat  of  the  soostanoe.  This  fbrmnla  has  been  Tenfled  by  Jonl e  (Proe.  Boy.  8b&  iz* 
496)  by  experiments  on  water  and  npon  oil,  the  temperatures  Taiying  in  the  first  case 
between  1*2^  C.  and  40*4^,  and  the  pressures  between  16*64  and  26*84  atmoB{^ervs ; 
in  the  experiments  on  oil  the  temperature  was  always  about  17^  and  thepreaastes  wfv^ 
Tsried  fsQim.  7*92  atmospheres  to  26*34.  In  the  experiments  on  water  at  1-2^,  puMwmu 
caused  a  lowering  of  temperature  instead  of  a  rise,  as  in  the  other  experimentB, — % 
result  which  agrees  with  the  £ict  that  water  contracts  by  heat  at  this  temperature. 
Similarly,  when  weights  sre  laid  upon  metallic  pillars,  heat  is  evolved,  and  is  abeorbeJ 
when  they  are  remored,  the  quantity  evolved  or  absorbed  increasing  with  the*  wei^s 
employed  (Joule,  ibid,  viiL  664).  Conversely,  the  stretching  of  metallie  wires  causes 
heat  to  disappear.  Joule  found  {ibid,  viii  366)  that  an  iron  wire,  ^  indi  in  ibmeter 
was  cooled  \  degree  C.  when  stretched  l^  a  weight  of  776  lb.  Similar  results  w««> 
obtained  witn  cast  iron,  hard  steel,  copper,  and  lead.  The  thermal  effects  were  in  all 
cases  found  to  be  almost  identical  with  tiiose  deduced  from  Professor  Th4M»son's 
theoretical  investigation,  the  particular  formula  applicable  to  the  case  in  questiioit  being 

Q  »  —^*  where  Qis  the  heat  absorbed  in  a  wire  one  foot  long;  and  the  othersymbols 

have  the  same  sigmflcations  as  above.  YulcaniMd  india-rubber,  which,  when  stretdied, 
contracts  by  heat  (p.  78),  became  hotter  when  the  stretching  weight  was  appKed,  and 
colder  when  it  was  removed.  Similar  results  have  been  obtained  by  Edl  u  nd,  (Ann. 
Ch.  Phys.  [8]  bdv.  246),  whose  experiments  lead  to  the  following  oeneral  oonchBions: — 

I.  me  '  


hen  a  metal  is  stretched,  without  exceeding  its  limits  os  elasticity,  a  cooling 
effect  is  produced  proportional  to  the  mechanical  force  employed  to  stretch  it. 

2.  If  Uie  metal  afterwards  return  to  the  original  volume,  performing  in  so  doing  a 
quantity  of  external  work  equal  to  that  expended  in  stretching  it,  it  is  heated  to  tiie  same 
extent  as  that  by  which  it  was  previously  cooled,  and  consequently  proportional  to  the 
mechanical  force  by  which  the  metal  was  kept  in  the  stretched  state  before  contracting. 

3.  If  on  the  other  hand,  the  metal  resnmes  its  original  bulk  without  performing 
external  work,  it  is  more  strongly  heated  than  in  the  previous  case,  and  the  difference 
between  the  two  heatins  effects  is  proportional  to  the  external  work  performed,  in  the 
one  case,  by  the  metal  during  its  contraction. 

4.  From  these  three  prineiplee,  it  follows  that  when  a  metal  passes  from  the  Tolkiroe 
Fo  to  the  volume  F^,  without  exceeding  the  limits  ot  perfect  elasticity,  the  accwnpany- 
ing  odoriflc  effect  does  not  depend  solefy  upon  the  initial  and  final  volumes^  bui  al^ 
upon  the  manner  in  which  the  entire  change  takes  place. 

EXFXBIMBNTAI.  DxTSBMnCATION  OF  THB  BIbOHANICAL  EquTVALBNT  OF  HXAT, — It  is 

obvious  that  any  of  the  processes  wherebv  work  is  transformed  into  heat,  or  heat  into 
work,  may  serve  for  the  determination  oi  the  numerical  ratio  existing  between  the  unit 
of  work  and  the  unit  of  heat,  provided  the  process  is  such  as  to  admit  of  the  accurate 
measurement  of  the  work  or  heat  expended  and  of  the  heat  or  work  produced.  The 
earliest  attempt  to  ascertain  the  value  of  this  ratio  appears  to  have  been  ma^  by 
Count  Bumford.  His  experiments  described^in  his  essay,  entitled  An  Experiments 
Inquiry  concerning  the  Soww  of  the  Heat  which  is  excitfd  by  Friction  (read  before  the 
Boyal  Society,  January  26,  1798,  and  published  in  the  PhU.  Trans.,  also  in  **  JSmo^^ 
Political,  Eoonomicalt  and  Philosophical,  by  Benjamin  Count  of  Bumford,*'  3  vols.  8vo, 
L(md.  179S-1802,  vol  iL  p.  469),  were  made  by  pressing  a  blunt  steel  borer  against  the 
bottom  of  a  cavity  made  in  a  brass  cylinder  iniich  was  caused  to  revolve,  whik  the 
borer  was  kept  stationary.  Considering  the  state  c^  opinion  at  the  time  as  to  the  pro- 
bable nature  of  heat^  these  experiments,  and  especially  the  conclusions  drawn  mmi 
them  by  their  author,  are  very  remarkable,  but  it  is  only  of  late  vears  that  they  have 
attracted  the  attention  which  they  deserve.  In  the  most  complete  experiment,  the 
brass  cylinder  was  placed  inside  a  wooden  box  containing  18*77  lb.  avoirdupois  of 
water;  tiie  temperature  of  the  water  at  the  beeinning  of  the  experin^ent  was  60^  F., 
and  was  found  to  rise  continuously  when  the  cylinder  was  set  in  motion,  until  at  tiie 
end  c^  24  hours  the  water  boiled.  Bumford  states  the  results  of  this  experiment  in  a 
tabular  mrm,  taking  account  of  the  weights  and  specific  heats  of  the  brass  cylinder  and 
steel  borer,  and  gives  the  total  quantity  of  heat  produced,  exdusive  of  tne  amount 
accumulated  in  the  wooden  box,  and  of  that  which  was  lost  by  radiation,  as  sufficient 
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to  mm  the  tmnperatnie  of  26*68  lb.  of  water  180  degrees  Fahi«Dheit>  f>f  from  the 
Areadng  to  th«  boiling  poixit;  he  then  quotes  ei^Mrimente  bj  Crawford  and  by  him- 
Mlf;  from  which  he  oondndes  "  that  the  quantity  of  heat  modnced  eqaablT,  or  in  a 
a  coatinaal  stream  (if  I  may  nse  that  expression!  br  the  friction  of  tlie  blnnt  steel 
borer  against  the  bottom  of  the  hollow  meiallie  cylinder,  in  the  experiment  under  con- 
sideration, was  ffrtater  than  that  produced  eq^bly  in  the  comlmstion  of  nine  wax 
eandie$,  each  f  of  an  inch  in  diameter,  all  bormng  together,  or  at  the  same  time,  with 
dear  bright  flames." 

The  two  paragraphs  which  fbllow  this  are  especially  remarkable,  as  they  show  tibst 
Bumfiard  distinctly  saw  the  sonroe  of  this  heat  in  the  mechanical  energy  which  was 
expended  during  its  production : — 

**  Am  the  machinery  used  in  this  experiment  could  easily  be  carried  round  by  the 
Ibrce  of  one  hone  ([though,  to  render  the  work  Ughter,  two  hoctes  were  actaaUy 
employed  in  doing  it)^  these  computations  show  fturUier  how  lane  a  quantity  of  heat 
might  be  produced,  by  proper  mechanical  contrivance,  merely  by  the  strei^^  of  a 
horse,  without  flre^  light,  combustion,  or  chemical  decomposition;  and,  in  case  of 
necessity,  the  heat  thus  produced  might  be  used  in  cooking  yictnals. 

**  But  no  droumstances  can  be  imagined,  in  which  this  method  of  procuring  heat 
would  not  be  disadTantageous ;  for  more  beat  mig^t  be  obtained  by  using  the  &dder, 
necessary  for  the  support  of  a  horse,  as  ftieL" 

After  bringing  forward  arguments  and  direct  e(U>eriments  to  prore  that  the  erolotion 
of  heat  cannot  haTe  been  due  to  an  alteration  in  uie  capadty  for  heat  of  the  partides 
of  metal  detached  from  the  larger  solid  masses  by  the  fnction,  and  that  it  cannot  haTO 
been  furnished  by  the  air,  nor  by  the  water,  nor  by  the  pieces  of  metal  by  n^ch  the 
cylinder  and  borer  were  supported,  he  says : — "It  appears  to  me  to  be  extremdy 
difficult,  if  not  quite  impossude,  to  form  any  distinct  idea  of  anything  capable  of  beinff 
exdted  and  communicated,  in  the  manner  the  heat  was  exdted  and  communicated 
in  these  experiments^  except  it  be  Konoir." 

According  to  Joule' s  reduction  of  these  results,  they  indicate  that  the  heat  required 
to  raise  the  temperature  of  a  pound  of  water  one  denee  Fahr.,  is  equiTalent  to  the 
mechanical  energy  represented  by  1034  foot-pounds.  This  number  dif»rs  conmderably 
from  that  deduoea  from  the  more  accurate  experiments  to  be  described  below ;  but  the 
difference  is  of  the  kind  that  might  have  been  antidpated,  and,  condderinff  the  manner 
in  which  Rumibrd*s  experiments  were  made,  it  is  not  exoesdve.  It  will  oe  seen  that 
these  were  not  of  a  kind  to  ftimish  accurate  data  for  determiniiif  the  quantitatiTe 
relation  between  heat  and  wori:,  and  it  even  seems  likely  that  the  i£a  of  instituting  a 
comparison  between  these  two  quantities  first  occorred  to  Bum  ford  after  the 
experiments  were  finished,  his  idea,  during  their  performance,  hayinff  been  rather 
qualitatiTe  than  ^uantitatire,  and  his  primary  object,  as  indicated  in  the  title  of  hia 
paper,  to  ascertam  the  nature  of  the  source  of  the  heat  devdoped  b^  friction.  But, 
although  the  numerical  results  of  this  ioTestigation  were  not  sufficiently  definite  to 
possess  any  p;reat  Talae,  the  iuTestigation,  as  a  whole,  is  of  great  importance  as  indi- 
catinff  a  distmct  stage  in  the  development  of  ideas  concerning  the  nature  of  heat  and 
its  relations  to  other  forms  of  energy ;  and  it  is  for  this  reason  that  we  have  deroted 
to  it  so  oomparatiTely  lam  a  share  of  Space. 

These  ideas  seem  to  nave  adTanced  but  little  beyond  this  point  until  about  the 
year  1842.  In  that  year  J.  R.  Mayer  introduced  into  sdence  the  expresdon  "  media- 
nical  equivalent  of  heat "  (Ann.  Ch.  Pharm.  xliL  238 ;  Phil.  Mas.  [4]  xxiy.  371),  and 
thereby — ^probably  as  much  as  by  the  calculation  of  the  numerical  yalue  of  this  e4uiya« 
lent,  founded  upon  the  then  inaccuratdy  known  ratio  of  the  two  specific  heats  of  air 
—contributed  to  promote  the  general  adoption  of  the  yiew  that  heat  and  work  are 
mutually  oonyertible.  In  the  same  year,  Colding,  of  Copenhagen,  communicated  to 
the  Boyal  Sodety  of  Denmaric  experiments  on  the  production  of  heat  by  fricta<m,  from 
which  he  oonduded  that  the  evolution  of  heat  was  proportional  to  &ie  mechanical 
eneisy  expended,  and  independent  of  the  nature  of  tiie  suostances  between  whidi  the 
friction  took  place.  But  it  was  Joule  who  was  the  first  to  publish  experiments 
which  were  at  the  same  time  suffidently  varied  and  suffidently  accurate  to  attract  the 
general  attention  of  sdentific  men,  and  to  be  accepted  by  them  as  defoite  proof  thai 
the  transformation  of  mechanical  energy  into  heat,  or  of  heat  into  mechaniotl  energy, 
takes  place  in  every  case  according  to  a  constant  numerical  ratio. 

Joule's  first  experiments,  bearing  directly  i^xm  the  subject,  were  published  in  1848 
(PhiL  Ma^.  [8]  xxiii  441).  In  this  investigation  he  showed  that  the  heat  evdved  by 
the  electric  current,  frimished  by  a  magneto-dectric  machine,  is  proportional  to  the 
mechanical  eneisy  expended ;  and  that  the  work  done  by  an  dectro-magnetic  engine 
is  derived  from  tae  work  of  chemical  affinity  in  the  battery,  work  which  wodd  otherwise 
be  evdved  in  the  form  of  heat  From  these  facts  he  drew  the  conclusion,  *'  That  the 
.  quantity  of  heat  capable  of  increasing  the  temperature  of  a  lb.  of  water  by  one  degrea 
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of  FAliraiheit*8  leale,  is  eqnil  to^  and  m§j  be  eoDferted  into,  a  meehanieil  fiirw 
ei^ble  of  rmifling  888  lb.  to  the  porpeiidiciiUr  hd^t  of  one  foot"  In  a  aabseqiMnt 
paper,  read  before  the  Bojal  Society  in  1844(FhiLlCag.  [3]  zzvi  876,  879),  he  showed 
that  tiie  heat  absorbed  and  erolTed  br  the  rarefitction  and  condensation  of  air  is  jpro* 
portional  to  the  amoont  of  mechanical  energy  evolved  and  absorbed  in  those  opsntions^ 
and  obtained^  a  numerical  result  closely  agreeing  with  that  of  the  electro-magnetic 
experiments  jnst  referred  to.  In  1846  and  1847  (ibid.  xzriL  205 ;  and  zzxL  178)  he 
determined  the  heat  eroWed  by  the  friction  <^  water,  sperm-oil,  and  mercury,  and 
obtained  the  nomben  781*6,  782*1,  and  787*6,  by  experiments  on  these  liqnids  reepee- 
lively,  as  representing  the  nomber  of  foot-poonds  idiich  is  equivalent  to  the  neat 
leomred  to  raise  the  temperature  of  1  lb.  of  water  1^  Fahrenheit 

Still  more  elaborate  and  carefhl  experiments  were  made  hj  Jonle,  in  1840  (PluL 
Trans.  I860,  p.  61 ;  Chem.  Soc.  Qo.  J.  lii  816),  upon  the  friction  of  water;  mmarj, 
and  east-iron,  by  a  method  similar  to  that  adopted  in  those  last  mentioned.  The 
^)paratns  employed  in  this  investigation,  for  the  experiments  npon  water,  consisted  of  a 
mas  paddle-wheel  fbmished  with  eight  sets  of  revolving  vanes,  working  between  famr 

sets  of  stadooaiy  vanes.  This  revolving  appa- 
ratos,  of  which  Jig,  649  shows  a  vertical,  iod 
Jig,  660  a  horisontal  section,  was  firmly  fitted 
into  a  copper  vessel  (see  fig,  661)  containiag 
water,  in  the  lid  of  i^ch  were  two  necks,  one 
fbr  the  axis  to  revolve  in  without  touching,  the 
other  fbr  the  insertion  of  a  thermometer.  A 
similar  apparatus,  but  made  of  iroa,  and  of 
smaller  sise,  having  six  rotatoiy  and  eig^  asts 
of  stationaiy  vanes,  was  used  for  the  experi- 
ments on  the  firiction  of  mercuiy.  The  a{^- 
ratus  for  the  friction  of  cast-iron  consisted  of  s 
Tertical  axis,  earnring  a  bevelled  cast-iron  wheel, 
against  whidi  a  bevelled- wheel  was  preased  by 
a  lever.  The  wheels  were  enclosed  in  a  cast- 
iron  vessel  filled  with  mercuzy,  the  axis  paasing 


^.649. 


Fig.  660. 


thraiditfaefid.  In  each  apparatus  motion  was  given  to  the  axis  by  the  descant  c 
weights  10  (Jig.  661)  suspended  by  strings  from  the  axes  of  two  wooden  puUeys,i 


Fig.  661. 


which  is  shown  at  p,  their  axes  being  supported  on  fHction-idieels  d  d,  and  the  puDevs 
were  connected  \rr  fine  twine  with  a  wooden  roller  r,  which,  by  means  of  a  pin,  could 
be  easily  attached  to  or  removed  from  the  friction  apparatus. 

The  mode  of  experimenting  was  as  follows:  Ae  temperature  of  the  frictional 
apparatus  having  been  ascertained,  and  the  weights  wound  up,  the  roller  was  fixed  to 
the  axis,  and  the  precise  height  of  the  weights  ascertained ;  tae  roller  was  then  set  at 
liberty,  and  allowed  to  revolve  till  the  weights  touched  the  floor.  The  roller  was 
then  detached,  the  weights  wound  up  again,  and  the  friction  renewed,  lliis  having 
been  repeated  twenty  tunes,  the  experiment  was  concluded  with  another  observation  <? 
the  temperature  of  the  apparatus.  The  mean  temperature  of  the  raartment  was 
ascertained  by  observations  made  at  the  beginning  middle,  and  end  of  each  experi- 
ment Corrections  werct  made  for  the  effects  of  radiation  and  conduction ;  and,  in  the 
experiments  with  water,  for  the  quantities  of  heat  absorbed  by  the  copper  vessel  and 
the  paddle-wheel    In  the  experiments  with  mercery  and  cast-iron,  the  heat^apacitj 
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>f  the  entire  apparatus  was  ascertained  by  obserring  the  heating  elfeet  which  it  pro- 
luced  on  a  known  qnantity  of  water  in  which  it  was  immersed.  In  all  the  experiments 
iorreetiona  were  also  made  for  the  velod^  with  which  the  weights  eame  to  the  ground, 
lAd  for  the  firictaon  and  rigidity  of  the  strings.  The  thermometers  used  were  capable 
of  indieatuig  a  Tariation  of  temperatoie  as  small  as  U^  of  a  degree  Fahrenheit 

The  following  taUe  eontains  a  sommaijof  the  lesiuts  obtained  by  this  method;  the 
•eeond  oohimn  sifes  the  resnlti  as  ths^  were  dbtamed  ftom  weighingi  made  in  air ;  the 
tluxd  oohunn,  the  tame  VMuhf  fednesd  to  weighinga  in  a  Tacnnm. 


Material  cmplojred. 
Wai^r 

J&ercurj 
Gast-iron    . 


RquiTAlmt  In  air. 
778-640 
5773-762 

•  }  776-303 
5776-997 

•  J  774-880 


Eqiilvle!  tin  vacuo. 

772-692 
772-814  ( 
776-362  ( 
776-045) 
774-9305 


772-692 
774*088 

774-987 


In  the  experiments  with  east-iron,  the  friction  of  the  wheels  produced  a  considerable 
vibration  of  the  frame-work  of  the  apparatus,  and  a  loud  sound ;  it  was  therefore 
necessary  to  make  allowance  for  the  quantity  of  force  expended  in  producing  these 
eflfeeta.  The  number  772-692,  obtained  oy  the  friction  of  water,  is  regarded  as  the  most 
trustworthy  ;  but  even  this  may  be  a  little  too  high ;  because  eren  in  the  IHction  of 
fluids  it  is  impossible  entirely  to  avoid  vibration  and  sound.  The  conclusions  deduced 
from  these  experiments  are : 

1.  Tkat  the  quantity  of  heat  j^roduced  by  the  Jrietian  of  hodU$^  whether  $oiid  or 
liquid,  is  alwn^  proportional  to  th$  force  expended, 

2.  Tkat  the  quantUvof  heat  capable  of  mereating  the  temperature  of  lib,  of  water 
{weighed  in  vacuo,  and  between  bly*  and  60^  F.)  by  V*  F^  requires  for  its  evolution  the 
expenditure  of  a  mechanieal  force  represented  by  the  fall  of  772  lbs.  through  the  space 
of  \  foot. 

Or,  the  heat  capable  of  increasing  the  temverature  of  1  gramme  of  water  by  l^  C,  is 
equivalent  to  a  force  represented  iy  the  faU  of  423-66  grammes  through  the  space  of 
1  metre.    This  is  consequently  the  equivalent  of  **  a  unit  of  heat.'* 

Since,  in  consequence  of  tne  rescMirches  that  have  been  mentioned,  the  attention  of 
scientific  men  has  been  prominently  called  to  the  mutuiil  equivalence  of  heat  and  work, 
several  investigations  have  been  made,  either  for  the  express  purpose  of  ascertaining 
the  numerical  ratio  expressing  that  equivalence,  or  involving  aeterminations  from 
which  that  ratio  can  be  calnSlated.  In  the  following  table,  taken  from  Verde t's 
Eacposi  de  la  Thiorie  MScanifue  ds  la  Chaleur  (Paris,  1863),  the  most  trustworthy 
determinations  of  the  mechanical  equivalent  of  heat  are  put  together.  The  numbers 
here  given  represent  the  number  of  kilogramme-metres  which  is  eouivalent  to  I  kilo- 

grammeHdegree  centigrade,  or  the  numMr  of  gramme-metres  which  is  equivalent  to 

1  gramme-degree. 


TMs  qf  determinations  of  the  Mechanieal  Equivalent  of  Beat. 


KatortortlM 

Um  dtUrmlnafeioa  U  drawu. 


PhUnaopiMn  who  hava 

iBdlcatad  the  tbaoraU. 

calprlndpteoftha 

daCcnninatloQ. 


Genenl  properties  of  air . 


Function  .        •        •        •        • 

Work  done  b^  the  steam-engine 
Heat  erolved  by  induced  cnr-{ 

rents  .  .  .  .  ( 
Heat  erolved  by  an  electro- j 

msg&etie  eagine,  at  rest  and> 

in  motion  ...  I 
Total  heat  evolved  in  the  cir- 1 

euit  of  a  Daniell's  battery  ( 
Heat  erolved  in  a  metallic  wire » 
electric  > 


through  which   ai 
currant  is  passing 


jMayer. 
/GlansiuB. 

Joule. 

(HausiusL 

Joule. 

Favxei 

'Boswrhn 
Clausius. 


Phlloaophart 
rappliad  tha 


Machanl 
calequl. 
valenU 


V.Begnault.        j 

MoH  andvanBeek. 

(Joule. 

)Favitt. 

Hini. 

JooK 

Favre. 

5  W.Weber. 
(Joule. 

Qttintus  Idlius. 


426 

424 
413 
413 

462 


448 


420 


400 


Vou  m. 
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Dtnuucal  Thbobt  op  Hrat. 

For  yeej  long;  two  riTal  theories  have  been  held  regarding  the  natnre  of  heat :  oa 
the  one  band,  heat  has  been  yiewed  as  haring  a  matmal  existence,  though  diflering 
ftora  ordinary  matter  in  being  without  weight,  and  in  other  respects ;  on  the  other  hand« 
it  has  been  regarded  as  a  state  or  condition  of  ordinary  matter,  and  generally  as  a  con- 
dition of  motion.  From  the  latter  part  of  the  last  century,  nntil  the  modem'researchea 
upon  the  mechanical  eqoiTaienti  the  former  Tiew  had  by  far  the  greater  number  of 
adherents.  Its  popolarity  may  be  traced  chiefly  to  the  teaching  of  Black  and 
Lavoisier.  By  the  former  of  these  philosophers,  the  varions  capacities  for  heat,  or 
spedflo  heats,  of  different  bodies,  seem  to  have  been  regarded  as  anslogons  to  the 
Tarions  proportions  of  the  same  acid  required  to  neutralise  equal  quantities  of  different 
bases ;  while  the  solid,  liquid,  and  gaseous  states  were  explained  by  him  as  represent- 
ing 80  ma^  distinct  proportions  in  which  heat  was  capable  of  oombinins  with  ordinary 
matter.  Very  similar  views  were  advocated  by  Lavoisier:  he  regarded  all  gases  as 
compounds  of  a  base  characteristic  of  each,  with  ealoriCf  and  supposed  that  when,  as 
the  result  of  chemical  action,  they  assumed  the  liquid  or  solid  state,  this  caloric  was  B^t 
free  and  appeared  as  sensible  heat.  Caloric  was  thus  the  physical  representative  of 
phlogiston,  m  the  same  way  as  oxygen  was  its  chemical  representative :  the  physicul 
portion  of  the  phenomena  previously  attributed  to  dephlogistication,  being  regarded  bv 
Lavoisier  as  caused  by  the  liberation  of  caloric,  just  as  the  chemical  portion  was 
explained  by  him  as  combination  with  oxygen.  Thus  he  uniformly  speaks  ( Traiti  eti- 
mentaire  de  Chimie)  of  the  "  decomposition  "  of  oxygen-gas  by  combuistible  substances, 
into  oxygen  (which  combines  with  the  combustible)  and  cdoric  (which  is  set  free). 
It  is  true  that  Lavoisier  guards  himself  against  definitely  expressing  his  belief  in  the 
existence  of  caloric  as  a  substance,  but  he  enumerates  it  in  his  h'st  of  elements,  and 
seeks  to  explain  all  calorimetric  phenomena  by  the  analopr  of  the  combination  or 
separation  of  elementary  bodies.  Hence,  whether  r^arded  bv  him  as  necessarily 
material  or  not,  it  became,  for  his  followers,  *'  an  imponderable  efement" 

It  will  be  seen  that  heat  was  compared  to  a  material  substance,  by  both  Black  and 
Lavoisier,  in  order  to  explain  its  then  known  quantitative  relations ;  and  from  this 
point  of  view,  the  conception  introduced  bv  them  had  the  great  advantage  of  being 
more  easily  grasped  than  any  which  the  advocates  of  the  immaterial  nature  of  heat 
had  to  offer  in  its  place.  It  was  much  easier  to  conceive  of  definite  quantities  of  an 
exceedingly  subtile  substance  or  fluid,  than  of  definite  quantities  of  motion  which  was 
itself  undefined  as  to  its  nature.  It  was  a  direct  conse(^aence  of  the  material  view, 
that  heat  should  be  considered  as  indestructible  and  as  incapable  of  being  produced, 
and  therefore  that  the  total  quantity  of  heat  in  the  universe  should  be  re^u^ed  as  at 
all  times  the  same. 

The  greatest  difficulty  which  the  upholders  of  the  substantial  existence  of  heat  had 
to  meet,  was  its  production  hj  mechanical  means,  a  phenomenon  of  which,  as  we  have 
seen,  several  instances  were  mstinctly  recognised.  Here  it  was  not  easy  to  deny  the 
actual  generation  of  heat^  and  to  explain  the  effects  as  depending  merely  on  its  altered 
distribution.  Nevertheless,  the  evolntaon  of  heat  b^  friction  and  percussion  was  gene- 
rally considered,  by  the  advocates  of  the  material  view,  as  in  some  way  resulting  from 
a  diminution  in  the  capacities  for  heat  of  the  bodies  operated  upon  ;  and  this  explana- 
tion derived  considerable  support  from  the  remark,  made  by  Black,  that  apiece  of  soft 
iron,  which  has  been  once  made  red  hot  bv  hammerin|;  (see  p.  119),  cannot  be  so 
heated  a  second  time  until  it  has  been  heated  to  redness  in  a  fire  and  allowed  to  cooL 
In  this  case,  certainly,  it  seemed  as  though  the  hammering  forced  out  heat  from  the 
mass  of  iron,  like  water  from  a  sponge,  and  that  a  fr«sh  supply  was  taken  up  when  the 
iron  was  put  in  the  fire.  But,  as  1^  been  shown  already,  this  explanation  did  not 
satisfy  Rum  ford,  who,  in  the  investigation  described  above,  made  direct  experiments 
upon  the  si>ecifie  heat  of  the  chips  of  metd  detached  by  the  friction,  and  found  it  to  be 
ioentical  with  that  of  brass  under  ordinary  circumstances.  An  experiment  which 
proved,  if  possible,  still  more  decisively,  that  the  heat  generated  by  friction  cannot  ba 
ascribed  to  a  diminution  in  the  specific  heats  of  the  substances  was  made  by  Davy» 
in  1799,  the  vear  following  the  publication  of  Rumford's  researches.  Davy 
arranged  two  pieces  of  ice,  so  that  they  could  be  caused  to  rub  against  each  other  under 
the  exhausted  receiver  of  an  air-pump,  but  so  that  it  was  impossible  for  heat  to  be 
imparted  to  them  by  conduction,  and  found  that  by  friction  they  were  rapidly  con- 
verted into  water,  that  is  to  say,  into  a  liquid  whose  specific  heat  was  twice  as  great  a* 
that  of  ice.  From  this  experiment  Davy  drew  the  same  conclusion  that  Rumfonl  had 
drawn  from  his  own  n^sults,  and  expressed  himself  in  very  similar  terms: — "Th#i 
immediate  cause  of  the  phenomena  of  heat  then  is  motion,  and  the  laws  of  its  commu- 
nication are  precisely  the  same  as  the  laws  of  the  communication  of  motion.**  (ElemmU 
of  Chemioal  Philosophy,  London,  1812,  pp.  94,  95.)    Similar  views  were  very  forcibly 
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adfocated  bj  Dr.  Thomas  Young  in  his  Lectures  on  Naiural  Philosophy;  but,  bj 
the  mi^oritTof  seientiile  men,  facts  such  as  we  hare  been  referring  to,  though  recog- 
nised as  diffleulties  in  the  way  of  the  material  theory  of  heat»  were  not  aJlowed  to  cause 
its  rejection.  The  ease  anr 
of  latent  and  specific  heat  c 
still  eaosed  it  to  be  generally  _ 
seemed,  more  hypowetical  ezrianation  of  these  phenomena.  The  mechanical,  or 
dynamical  theory,  which  regarded  heat  as  consisting  in  a  state  of  molecular  motion, 
cannot  be  said  to  have  been  definitely  established  until.it  also  was  made  quantitative, — 
until  it  was  shown  that  exact  numencal  laws  regulated  the  production  of  heat  by  work 
or  of  woriL  by  heat,  equally  with  its  production  during  solidification,  or  disappearance 
during  ftision.  This,  as  we  have  seen,  was  effectually  accomplished  by  Joule,  and 
chiefly  as  the  result  of  his  iuTeetieations  and  of  others  conducted  in  the  same  spirit^ 
philosophers  have  now  been  oompefied  to  extend  their  ideas  of  quantity  from  matter  to 
energy,  and  thus  has  arisen  the  new  science  of  Energetics,  or  the  quantitative  study 
of  the  tiunsformations  of  eneigy  (as  chemistry  is  the  quantitative  study  of  the  trans- 
formation of  matter),  comprehending  and  uniting  all  the  different  branches  of  physical 
science. 

We  cannot  attempt  to  give  anythinff  like  an  adequate  idea  of  the  state  of  develop- 
ment which  the  mechani^  theory  of  heat  has  now  reached ;  but,  in  order  to  illustrate 
the  general  nature  of  the  theory,  and  to  show  in  what  sort  of  wav  the  conception  that 
*'  heat  is  motion  *'  has  been  applied  to  the  explanation  of  such  phenomena  as  have 
formed  the  subject  of  this  article,  we  give  here  an  outline  of  the  view  of  the  constitu- 
tion of  gases  which  this  theory  affords,  first  put  forward,  in  its  present  form,  by  Joule 
(see  Ann.  Ch.  Phys.  [3]  I  381)  and  subseqaentiy  developed  by  Xro  nig  (Pogg.  Ann. 
xcix.  816)  and  Clausius  (ibid.  363),  and  of  the  explanation  of  the  relations  existing 
between  solids,  liquids,  ana  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher.  The  account  which  follows,  of  these  applications  of  the  dynamical  theory, 
IS  taken  from  Watts's  Supplement  to  Graham's  Elements  of  Chemistry.  It  will  be 
seen  that  the  explanations  of  phenomena  which  this  theory  idSbrds,  are  at  least  equally 
definite  with  those  which  can  be  given  upon  the  view  of  the  material  nature  of 


First,  then,  it  is  assumed  that  the  particles  of  all  bodies  are  in  constant  motion,  and 
that  this  motion  constitutes  heat,  the  kind  and  quantity  of  motion  varying  according 
to  the  state  of  the  body,  whether  solid,  liquid,  or  gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggpreeate  of  atoms — ^are  supposed 
to  be  oonstantiy  moving  forward  in  straight  lines,  anowith  a  constant  velocity,  tul  they 
impinge  against  each  o^er  or  against  an  impenetrable  walL  This  constant  impact  of 
the  moleoiles  produces  the  expansive  tenaen<^  of  elasticity,  which  is  the  peculiar 
characteristic  of  the  gaseous  state.  The  rectilinear  movement  is  not,  however,  the  onlv 
one  with  which  the  particles  are  affected.  For  the  impact  of  two  molecules,  unless  it 
takes  place  exactiy  in  the  line  joining  their  centres  of  ffravity,  must  give  rise  to  a 
rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of  which  the  molecules  are  com- 
posed may  be  supposed  to  vibrate  within  certain  limits,  being,  in  &ct,  thrown  into 
vibration  by  the  impact  of  the  molecules.  This  vibratory  motion  is  called,  by  Clausius, 
the  motion  of  the  constituent  atoms  {Btwegun^en  der  Bestandtheile\  The  total  quantity 
of  heat  in  the  gas  is  made  up  of  the  progressive  motion  of  the  molecules,  together  with 
the  vibratory  and  other  motions  of  the  constituent  atoms ;  but  the  progressive  motion 
alone,  which  is  the  cause  of  the  expansive  tendency,  determines  the  temperature.  Now, 
the  outward  pressure  exerted  by  the  gas  against  the  containing  envelope  arises,  accord- 
ing to  our  hjmothesis,  from  the  impact  of  a  great  number  of  gaseous  molecules  aeainst 
the  sides  of  the  vesseL  But  at  any  given  temperature,  that  is,  with  anv  given  v^)city, 
the  number  of  such  impacts  taking  place  in  a  given  time,  must  vary  mversely  as  the 
volume  of  the  siven  quantity  of  gas ;  hence  the  pressure  varies  invtrsdy  as  the  voluimM 
or  directly  as  the  density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant^  the  pressure  resulting  from  the  impact  of 
the  molecules  is  proportiomu  to  the  sum  of  the  masses  of  all  the  molecules  multiplied 
into  the  squares  of  their  velocities,  in  other  words,  to  the  so-called  vis  friva  or  Uwng 
force  of  the  proeressive  motion. 

I^  for  example,  the  velocity  be  doubled,  each  molecule  will  strike  the  sides  of  the 
vessel  with  a  two-fold  force,  and  its  number  of  impacts  in  a  given  time  will  also  be 
doubled ;  hence  the  total  pressure  will  be  quadrupled. 

Now  we  know  that  when  a  gi^n  quantity  of  any  perfect  gas  is  maintained  at  a  con- 
stant volume,  it  tends  to  expand  by  ^  of  its  bulk  at  sero  ror  each  degree  centigrado. 
Hence  thepressure  or  elastic  force  increases  proportionally  to  the  temperature  reckoned 
from  —  273^  C. ;  that  is  to  say,  to  the  absolute  temperature.  Consequently,  the  absolute 
temperature  is  proportional  io.theyia  viva  of  the  progressive  motion, 
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Su{^>O0e  a  Tossel  of  the  form  of  a  rectangular  parallelopiped,  the  leusths  «f  whoM 
Bidee  are  x,  y,  z,  to  contain  «  gaB-moleculea^  each  having  the  mass  m,     Sappoae,  alae^ 

the  space  enclosed  bj  this  Tessel  to  be  dirided  into  -x  equal  cubes ;    and  at  a  given 

instant  let  there  be  ia  each  of  these  crabes  six  gas-moleciiles,  moving  severally  in  the 
directions  -t-x,  — «,  -t-y,  — jf,  •»-#,  »r,  and  with  the  common  Telocity  c.  Let  it  aim 
be  supposed  that  the  molecoles  exert  no  mutual  action  npon  each  otb^,  but  pass  with- 
out hmdraoce  from  side  to  side  of  the  veeseL  It  is  required  to  determine  the  presaore, 
which  the  gas  exerts  against  one  of  the  sides,  y«,  of  the  vessel.  The  pressure  ariaing 
from  the  impact  of  a  single  gas-molecule  is  mea,  if  a  denote  the  number  of  impacts 
which  take  place  in  a  unit  of  timeu  Now,  a  molecule  moving  at  right  an^es  to  yr,  or 
parallel  to  x,  strikes  against  yz  every  time  that  it  passes  ov«r  the  space  £r ;  thoelbre 

0 

To  find  the  total  pressure  P  upon  yr,  the  quantity,  mca,  must  be  multiplied  by  the 
number  of  molecules  ndiieh  move  parallel  to  x,  which  number,  since  two  atoms  out  of 

eveiysixare  parallel  to  f,  is  ^.    HenceP  »  m,e.  ^  •  -.  And  the  pressure  p  npon  a  unit 

of  sui£ice  of  the  sideyir,  is  p  ■>  m,o.  kz'^*  —  >  or  >^  ^^  P^^  *!f'  »«;  and  leave  oat  the 
const:  nt  factor : 

This  expression  shows  that  the  pressure  exerted  npon  a  unit  of  surfiuse  is  the  same  for 
eai^  si<M  of  the  vessel ;  also,  that  the  pressure  is  inversely  in  proportioa  to  the  volume 
of  the  gas,  which  is  Boyle's  law. 

The  product,  mc*,  or  the  via  viva  of  an  atom,  is  the  expression  of  the  temperature 
reckon^  from  the  absolute  sero,  or  — 273^  C. 

I^  in  the  preceding  value  of  p,  we  put  mc*  «  r,  we  have 


that  is  to  say,  when  the  volume  is  constant^  the  pressure  varies  directly  as  the  absolute 
temperature.    (Kronig.) 

If,  for  two  different  gases,  we  suppose  j),  r  and  tr,  equal,  it  follows  from  this  expres- 
sion, that  n  also  must  be  the  same  xor  both.  That  is  to  say,  at  the  same  temperature 
and  pressure,  equal  volumes  of  diilbrent  gases  contain  the  same  number  of  molecules. 
Hence  also,  the  mass,  m,  of  a  molecule  is  proportional  to  the  specific  gravity,  «,  of  the 
eas :  or,  the  molecular  weights  of  different  substances  are  proportional  to  their  vimour- 
densities  (taken  at  temperatures  at  which  the  vapours  have  Uie  properties  of  true 
gases). 

Clausius,  taking  into  consideration  the  via  viva  of  the  vibratory  and  rotatory 

movements  as  well  of  the  progressive  movements,  airives  at  the  eaqnression,  p  »  — r — ^ 

or  po  »  -T — ,  which  differs  from  that  of  Kronig  only  by  a  constant  &etor. 
3 

From  this  equatloD,  it  is  posable  to  deduce  the  mean  value  of  the  absolute  progressive 

velocity  of  the  molecules  of  any  gas  for  any  given  tempeiature.    It  givea,  m  &ot» 

directly, 


c^ 


Spe 


AT,  putting  q  for  the  weight  of  the  gas,  and  y  for  the  force  of  gravity, — 

an  expression  which  contains  only  numerically  determinable  quantities.  Denoting  by 
0  the  density  of  the  gas  compared  with  that  of  air  at  0^,  introducing  into  the  Ibrmula 
the  known  values  of  the  weight  of  a  litre  of  air  and  of  the  force  of  gravity,  taking  f 
equal  to  the  normal  atmospheric  pressure,  and  denoting  the  abaolut^  temperature  by  r, 
the  value  of  0,  expressed  in  metres,  becomes 
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which  g^TCfl  at  0®  C^  for  Oxygen      o  »     461  metres  per  second 
„  Nitrogen     e  -    492      „ 
„  Hjdrogen   e  -  1844     .„  „ 

Hence^  the  velocitj  of  translation  of  the  molecules  of  a  gas  is  inversely  as  the  aqiiare- 
foot  of  its  density,  which  gires  Graham's  law  of  the  difihsion  of  gasei^  and  the 
kw  of  their  Telocity  of  entrance  into  a  Tacunm. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  gas  depend  on  the  manner 
in  which  its  atoms  are  united,  it  follows  that  in  any  given  gas  the  different  motions 
must  be  to  one  another  in  a  constant  ratio ;  and,  therefore,  the  m  viva  of  Uie  pro- 
ffressive  motion  must  be  an  aliquot  part  of  the  entire  vis  viva  of  the  gas ;  hence  also 
the  absolute  temperature  is  proportional  to  the  total  vis  viva  arising  from  all  the 
motions  of  the  particles  of  the  eas. 

From  this  it  follows  that  tke  quantity  of  heat  which  must  be  added  to  a  gas  of 
constant  volume  in  order  to  raise  its  temperature  by  a  given  amount^  is  constant  and 
independent  of  the  temperature.  In  other  words,  the  specific  heat  of  a  gas  referred  to 
a  given  volume  is  constant^  a  result  which  asrees  with  the  experiments  of  Begnanlt, 
mentioned  at  p.  84.  This  result  may  be  otherwise  expressed  as  follows :  Tks  total 
Tis  viva  qf  the  gas  is  to  thesis  viva  qf  the  progressive  motion  of  the  molecules^  which  is 
the  measure  of  the  temperature^  in  a  constant  ratio.  This  ratio  is  different  for  dill^nt 
gases,  and  is  greater  as  the  gas  is  more  complex  in  its  oonsUtution ;  in  other  words, 
as  its  molecules  are  made  up  of  a  greater  number  of  atoms.  The  specific  heat  refexred 
to  a  constant  pressure  is  known  to  differ  finom  the  true  specific  heat  only  by  a  constant 
quanti^  (see  p.  42). 

The  relations  just  considered  between  the  pressure,  volume  and  temperature  of  gases, 
presuppose,  however,  contain  conditions  of  molecular  constitution,  which  are, 
perhaps,  never  risidly  fulfilled;  and  accordingly,  the  experiments  of  Magnus  and 
Regnault  (p.  48)  snow  that  gases  do  exhibit  slight  deviations  ftom  6ay-Li^sac  and 
Boyle*s  laws.  What  the  conditions  are  which  strict  adherence  to  these  laws  would 
require,  will  be  better  understood  by  considering  the  differences  of  molecular  oonstitu- 
tion  which  must  exist  in  the  solid,  liquid,  and  saseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three  states.  In  th« 
solid  state,  the  motion  is  such  that  the  moleculea  oscillate  about  certain  positions  ot 
equilibrium,  which  they  do  not  quit^  unless  they  are  acted  upon  by  external  forces. 
This  vibratory  motion  may,  however,  be  of  a  very  complicated  character.  The  con- 
stituent atoms  of  a  molecule  may  vibrate  separatelv ;  the  entire  molecules  may  also 
vibrate  as  sudi  about  their  centres  of  gravity,  and  toe  vibrations  may  be  either  recti- 
linear  or  rotatory.  Moreover,  when  extraneous  forces  act  upon  the  body,  as  in  shocks, 
the  molecules  may  permanently  alter  their  relative  positions. 

In  the  liquid  state,  the  molecules  have  no  determinate  positions  of  equilibrium. 
They  may  rotate  completely  about  their  centres  of  gravity,  and  mav  also  move  for- 
WJtrd  into  other  positions.  But  the  repulsive  action  arising  ftom  the  motion  is  not 
strons  enough  to  overcome  the  mutual  attraction  of  the  molecules  and  separate  them 
completelv  m>m  each  other.  A  molecule  is  not  permanently  associated  with  its  neigh- 
hours,  as  m  the  solid  state ;  it  does  not  leave  them  spontaneously,  but  only  under  the 
influence  of  forces  exerted  upon  it  by  other  molecules,  with  whic^  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in  the  liquid  state,  a 
Tibratory,  rotatory  and  progressive  movement  of  the  molecules,  but  so  regulated,  that 
they  are  not  thereby  forc^  asunder,  but  remain  within  a  certain  volume  without 
exerting  any  outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are  removed  quite  beyond  the 
sphere  of  their  mutual  attractions,  and  travel  onward  in  straight  lines  according  to  the 
ordinary  laws  of  motion.  When  two  such  molecules  meet,  they  fly  apart  from  each 
other,  for  the  most  part,  with  a  velocity  equal  to  that  with  which  they  came  together.  The 
perfection  of  the  gaseous  state,  however,  implies :  1.  That  the  space  actually  occupied 
by  the  molecules  of  the  gas  be  inflniteW  small  in  comparison  with  the  entire  volume  of 
the  gas. — 2.  That  the  time  occupied  in  the  impact  of  a  molecule,  either  against 
another  molecule  or  against  the  sides  of  the  vessel,  be  infinitely  small  in  comparison 
with  the  interval  between  ^ly  two  impacts. — 3.  That  the  influence  of  the  molecular 
forces  be  infinitely  smaU.  When  these  conditions  are  not  completelv  fulfilled,  the  gas 
partakes  more  or  less  of  the  nature  of  a  liquid,  and  exhibits  certain  deviations  from 
Oay-Lussac  and  Boyle's  laws.  Su<^  is,  indeed,  the  case  with  all  known  gases ;  to  a 
very  slight  extent  with  those  which  have  not  yet  been  reduced  into  the  liquid  state ; 
but  to  a  greater  extent  with  vapours  and  condensable  gases^  especially  near  the  points 
of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It  has  been  said  that 
the  molecule  of  a  liquid,  when  it  leaves  those  with  whidi  it  is  associated,  ultimat«ff 
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fakes  up  a  similar  position  with  reoard  to  other  moleciiles.  This,  howeyer,  does  tx»€ 
preclude  the  existence  of  oonsidenBle  irregularities  in  the  actual  moTements.  Now, 
at  the  surface  of  the  liquid,  it  may  happen  that  a  partide,  hj  a  peculiar  combination 
of  the  rectilinear,  rotatoiy  and  TibraUny  inovements,  may  be  projected  from  the 
neighbouring  molecules  with  such  fbroe  as  to  throw  it  completely  out  of  their  sphere  of 
action,  before  its  projectile  Telocity  can  be  annihilated  by  the  attractiTe  force  whidi 
they  exert  upon  it.  The  molecule  will  then  be  driven  forward  into  the  space  above 
the  liquid,  as  if  it  belonged  to  a  gas,  and  that  space,  if  originally  empty,  will,  in  con- 
sequence of  the  action  just  described,  become  more  and  more  filled  with  these  prcgected 
molecules,  iriiich  will  comport  themselves  within  it  exactly  like  the  molecules  of  a  gaa, 
impinging  and  exerting  pressure  upon  the  sides  of  the  envelope.  One  of  these  sides,  how- 
ever, is  formed  by  the  sui^&use  of  the  liquid,  and  when  a  molecule  impinges  upon  this  snrfiioe^ 
it  will,  in  geneial,  not  be  driven  back,  but  retained  by  the  attractive  forces  of  the  other 
molecules.  A  state  of  equilibrium,  not  static,  but  dynamic,  will  therefore  be  attained 
when  the  number  of  molecules  prelected  in  a  given  time  ioto  the  space  above^  is  ^V^ 
to  the  number  which  in  the  same  tune  impinge  upon  and  are  retained  by  the  sur&ee 
of  the  liquid.  This  is  the  process  of  vaporisation.  The  density  of  the  vapour  required 
to  ensure  the  compensation  just  mentioned,  depends  upon  the  rate  at  which  the  par- 
ticles are  projected  from  the  eaiface  of  the  liquid,  ana  this  again  upon  the  rapidity  of 
their  movement  within  the  liquid,  that  is  to  say,  upon  the  temperature.  It  is  clear, 
therefore,  that  the  density  of  a  saturated  vapour  must  increase  with  the  temperature. 

If  the  space  above  the  uquid  is  previously  filled  with  a  gas,  the  molecules  of  this  gas 
will  impinge  upon  the  sur&ce  of  the  liquid,  and  thereby  exert  pressure  upon  it;  but  as 
these  gas-molecules  occupy  but  an  extremelj^  small  proportion  of  the  space  above  the 
liquid,  the  particles  of  the  liquid  will  be  projected  into  that  space  almost  as  It  it  wen; 
empty.  In  the  middle  of  the  liquid,  however,  the  external  pressure  of  the  gas  acts  iu 
a  oifferent  manner.  There  also  it  may  happen  that  the  molecules  may  be  separated 
with  such  force  as  to  produce  a  small  vacuum  in  the  midst  of  the  liquid.  But  this 
space  is  surrounded  on  all  sides  by  masses  which  afibrd  no  passage  to  the  disturbed 
molecules ;  and  in  order  that  they  may  increase  to  a  permanent  vapour-bubble,  the 
number  of  molecules  projected  from  the  inner  surface  of  the  vessel  must  be  such  as  to 
produce  a  pressure  outwards,  equal  to  the  external  pressure  tending  to  compress  the 
vapour-bubble.  The  boiling  point  of  the  liquid  will,  therefore,  be  higher  as  the 
external  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporisation,  it  is  possible  that  vapour  may 
rise  from  a  solid  as  well  as  from  a  liauid ;  but  it  by  no  means  necessarily  fouows  that 
vapour  must  be  formed  item  all  boaies  at  all  temperatures.  The  force  which  holds 
together  the  molecules  of  a  bodv  may  be  too  great  to  be  overcome  by  any  combination 
of  molecular  movements,  00  long  as  the  temperature  does  not  exceed  a  certain 
limit 

The  production  and  consumption  of  heat  which  accompany  chanees  in  the  state  of 
agp;re^f^on,  or  of  the  volume  of  bodies,  are  easily  explained,  according  to  the  preceding 
prmciplee,  by  taking  account  of  the  work  done  by  the  acting  forces.  This  wori^  is 
pai^  external  to  the  body,  partly  internal    To  consider  first  the  iotemal  work : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change  may  take 
place  either  in  accordance  with  or  in  opposition  to  the  action  <xf  the  molecular  forces 
existing  within  the  body.  In  the  former  case,  the  molecules,  during  the  passage  from 
one  state  to  the  other,  have  a  certain  velocity  imparted  to  them,  wmch  is  immediately 
converted  into  heat ;  in  the  latter  case,  the  velocity  of  their  movement,  and  conse- 
quently the  temperature  of  the  body,  is  diminished.  In  the  passage  from  the  solid  to 
the  liquid  state,  the  molecules,  although  not  removed  from  the  spheres  of  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition  to  the  molecular 
forces,  which  forces  have,  therefore,  to  be  overcome.  In  evaporation,  a  certain  number 
of  the  molecules  are  completely  separated  from  the  remainder,  which  again  implies  the 
overcoming  of  opposing  forces.  In  both  cases,  therefore,  work  is  done,  and  a  certain 
portion  of  the  vis  viva  of  the  molecules,  that  is,  of  the  heat  of  the  body,  is  lost. 
ISut  when  once  the  perfect  gaseous  state  is  attained,  the  molecular  forces  are  completely 
overcome,  and  any  nirther  expansion  may  take  place  without  internal  work,  and,  there- 
fore, without  loss  of  heat^  provided  there  is  no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a  oertain  amount  of 
external  resistance  to  be  overcome,  and  a  corresponding  loss  of  heat.  When  the 
pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms,  is  exerted  against  a  movable 
obstacle,  such  as  a  piston,  the  molecules  lose  just  so  much  of  their  moving  power  as 
they  have  imparted  to  the  piston,  and,  consequently,  their  velocity  is  diminished  and 
the  temperature  lowered.  On  the  contrary,  when  a  gas  is  compressed  by  the  motion 
of  a  pist<m,  its  molecniee  are  driven  back  with  greater  velocity  than  that  with  which 
they  impinged  on  the  piiton,  and,  consequently,  the  temperature  of  the  gas  is  raised. 
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When  a  liquid  is  oouTerted  into  Taponr,  the  molecniee  hare  to  orereome  the  atmo* 
spheric  pressure  or  other  external  resutanee,  and,  in  ooneeqnence  of  this,  together  with 
the  internal  work  already  spoken  of;  a  large  quantity  of  heat  disappears,  or  is  rendered 
i4itentt  the  quantity  thus  consumed  being  to  a  considerable  extent  affected  by  the 
external  pressure.  The  liquefitction  of  a  solid  not  being  attended  with  much  increaie 
of  Tolume,  involves  but  little  external  work ;  nevertheless  the  atmospheric  piessun) 
does  influence,  to  a  slight  amount^  both  the  latent  heat  of  Audon  and  the  melting 
point. 

We  must  here  mention,  in  conclusion,  a  very  remarkable  consequence  of  the  relation 
of  mutual  convertibility  which,  as  we  have  endeavoured  to  show,  exists  between  heat 
and  other  forms  of  energy.  ** Professor  William  Thomson  has  pointed  out  the  &ct, 
that  tiiere  exists  (at  least  in  the  present  state  of  the  known  world)  a  predominating 
tenden<rr  to  the  conversion  of  all  the  other  forms  of  physical  energy  into  heat,  and  to 
the  uniiorm  difhsion  of  all  heat  throughout  all  matter.  The  form  in  which  we  gene- 
sally  find  energy  originally  collected,  is  that  of  a  store  of  chemical  power,  consisting  of 
unoombined  elements.  The  combination  of  these  elements  produces  ener^  in  the  form 
known  by  the  name  of  electric  currents,  part  only  of  which  can  be  emplovM  in  analysing 
compounds,  and  thus  reconverted  into  a  store  of  chemical  power;  the  remainder  is 
necenarihr  converted  into  heat:  a  part  only  of  this  heat  can  be  employed  in  analysing 
oompounos,  or  in  reproducing  electric  currents.  If  the  remainder  of  the  beat  be 
employed  in  expanding  an  elastic  substance,  it  may  be  entirely  converted  into  visible 
motion,  or  into  a  store  of  visible  mechanical  power  (by  raising  weights,  for  example), 
provided  the  elastic  substance  is  enabled  to  expand  until  its  temperature  fills  to  the 
point  which  corresponds  to  the  absolute  privation  of  heat ;  but  unless  this  condition  be 
fulfilled,  a  certain  proportion  only  of  the  heat,  dependine  in>on  the  ran^  of  temperaturo 
through  whidi  the  dastic  body  works,  can  be  converted  the  rest  re maming  in  tne  state 
of  heat  On  the  other  huia,  all  visible  motion  is  of  necessity  ultimately  converted 
entirely  into  heat  by  the  agency  of  friction.  There  is,  then,  in  the  present  state  of 
the  known  world,  a  tendency  towards  the  conversion  of  all  physical  energy  into  the 
sole  form  of  heat 

**Heat,  moreover,  tends  to  difihse  itself  uniformly  by  conduction  and  radiation,  until 
all  matter  shall  have  acquired  the  same  temperature. 

**  There  is,  consequently,  Professor  Thomson  concludes,  so  fur  as  we  understand  the 
present  condition  of  the  universe,  a  tendemnr  towards  a  state  in  which  all  physical 
energy  will  be  in  the  state  of  heat,  and  that  heat  so  difihsed  that  all  matter  will  be  at 
the  same  temperature ;  so  Uiat  there  will  be  an  end  of  all  phvsical  phenomena. 

**  Vast  as  this  speculation  may  seem,  it  appears  to  be  soundly  based  on  experimental 
data,  and  to  represent  truly  the  present  condition  of  the  universe,  so  fsr  as  we  know  it" 
(Rankine,  PhiL  Mag.  [4]  iv.  359.) 

*^^  For  BadiaHon  and  Conduction  of  Heat,  see  Radiation. 

AfVlNDDL 

The  following  table  gives  the  temperatures  measured  by  the  air-thermometer,  at 
which,  according  to  Reg^ulf  s  experiments  (M^m.  Acad.  Sciences,  xxvi.  658^,  the  va- 
pours of  the  liquids  enumerated  in  it  exert  a  pressure  equal  to  that  of  760  miUimetres 
of  merouiy  i— 


8otMUoc«. 

Ttmpermtare 

SutoUnce. 

Temperature. 

Nitrous  oxide     . 

-87-900 

Chloride  of  silicon 

66-810 

Carbonic  anhydride    . 

-78-2 

Chloroform 

60-16 

Snlphydric  add  . 

-61-8 

Methvlic  alcohol 
Trichloride  of  phosphorus  . 

66-78 

Ammonia  .... 

-88-6 

78-80 

Chlorine    .... 

-83-6 

Perchloride  of  carbon  (CCSL*) 

76-60 

Chloride  of  methyl     . 

-23-73 

Alcohol      .        .        .        . 

78-26 

Oxide  of  methvl. 
Sulphurous  anhydride 
ChlOTide  of  ethyl 

-  28-65 

Benzene     .... 

80-86 

-  1008 

Bromide  of  ethylene  . 

131-60 

+  12-60 

Oil  of  turpentine 

169-16 

Chloride  of  cyanogen . 

12-66 

164-20 

Chloride  of  boron 

18-28 

Oil  of  lemons     . 

174-80 

Ether         .... 

34-97 

Mercury     . 

867-26 

Bromide  of  athyl 

38-87 

Sulphur     .... 

448-00 

Sulphide  of  carbon     . 

46-20 

The  next  table,  also  from  Regnaulf  s  experiments  {Op,  eit  pp.  327-382),  gives  tbe 
specific  heats  of  various  substances  in  difiTerent  states  of  aggrmtion.  Where,  in  tbe 
column  indicating  the  temperature,  some  particular  degree  is  given,  the  number  repre« 
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Bt^ntixi^  the  specific  heat  is  the  demmiary  specific  heat  at  that  degree  of  tempeimture, — 
thati  18,  the  quantity  of  heat  required  to  cause  a  verjf  $maU  alteration  of  tempamtiire  is 
one  firamme  of  the  suhetanoe^  compared  with  the  quantity  required  to  cause  a  like 
infimtesiinal  alteration  of  temperature  in  1  gramme  of  watei;  When  an  intertal  of  tem- 
perature is  giTcn,  the  specific  neat  is  the  mean  specific  heat  within  that  interral: — 


Solid. 

liquid. 

OeMoot.              1 

r 

Ttrnpiffatdn. 

Hmc 

TMBparsturtb 

"^ 

Timiwncare. 

^ 

Water   . 

-78«  tooo 

0*474 

10« 

10 

128Oto220<» 

0-4806 

♦»        • 

-20    too 

0-604 

10  to  100 

10 

Bromine 

-77-8  to -25 

0^32 

-  7-8  to  10 

01060 

83  to  228 

-(^bbS 

t 

... 

-¥  18  to  68 

•1129 

Alcohol 

-20 

*6068 

106  to  220 

•4584 

»> 

0 

•6476 

n 

+  20 

•6961 

t» 

40 

•6479 

»» 

60 

•7060 

M 

80 

•7694 

Ether. 

-80 

•6113 

70  to  220 

•4797 

i»     • 

0 

•6290 

n      * 

+  30 

•6467 

1 

»»      • 

86 

•6497 

Sulphide  of  carbon      • 

-80 

•2303 

73  to  192 

•1670 

it                       H                    •             • 

0 

•2862 

H                         M                    •              « 

•1-80 

•2401 

«»                         f»  ^                 •              « 

46 

•2426 

MethjUc  alcohol         .       . 

0to20 

•6700 

101  to  228 

•4580 

Acetone     .       •       •       « 

.80 

•4824 

129  to  238 

•4126 

11           •       .       •       1 

0 

•6064 

9»             •         •         •         « 

•I- 80 

•6302 

tt            •       •       •       « 

60 

•6640 

Sulphrdrateofethjl  . 

20  to  70 

•4786 

120  to  228 

•4008 

Chloride  of  ethyl 

-  27-6  to  +  4-6 

•4276 

19  to  172 

•2738 

Bromide  of  ethyl 

0to20 

•2160 

77^7  to  196-5 

•1896 

Cyanide  of  ethyl 

-80 

•4325 

114  to  221 

•4262 

♦»                      M                          •               • 

0 

•5086 

M                      f»                          •               • 

•1-30 

•5847 

»»                      »f                          •               • 

60 

•6608 

♦»                      »»                          •               • 

00 

•7369 

AceUte  of  ethyl. 

-80 

•4960 

116  to  219 

•4008 

»»                     M                         •              • 

0 

•5274 

»f                     W                         •              • 

•1-80 

•5588 

WW                        •              * 

60 

•5902 

Chloroform 

-80 

•2293 

117  to  228 

-1567 

11        •       •       •       « 

0 

•2824 

»        •       •       •       • 

+  30 

•2354 

n           .          •          •          . 

60 

•2384 

Chloride  of  ethylene  .       . 

-80 

•2790 

HI  to  221 

•2298 

M                             t%                   •              * 

0 

•2922 

n                    n             •          * 

+  30 

•3054 

n                    M             • 

60 

•3186 

BeuMDe     . 

20  to  71 

•4360 

116  to  218 

•8764 

Oiloftiiipentuio 

0 

•4106 

179  to  249 

•5061 

»t                      •!              •               • 

40 

•4538 

ft                      tt              •               • 

80 

•4842 

»                      »»              •               • 

120 

•5019 

»»                      »»              •               • 

160 

•5068 

Chloride  of  silicon 

0to20 

•1900 

90  to  284 

•1822 

12  to  08 

•2092 

12  to  246 

•1847 

Chloride  of  arsenic      • 

14  to  98 

•1760 

159  to  268 

•1122 

Stannic  chloride . 

14  to  98 

•1475 

149  to  273 

•0989 

Tetradikiideoftitaiiiiim 

12  to  98 

•1880 

162  to  272 

-1290 

e.aF. 
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Batyiet.  Native  Sufphatf  of  Barium,  Ba"SO*. — Thii  mineral 
oecura  in  errstals  belonging  to  the  trimetric  system.  Batio  of  axes  a:  b'  c.  0'6206  :  1 : 
0*7618;  oDp :  ooP  in  the  macrpdiagonal  principal  section  *  63*'  38';  aoF2 :  odI^  in 
the  same  »  102^  18';  l^oo  :  Poo  in  the  basal  section  »  74^  36';  Foo  :  f^oo  in  the 
*  lOQO  40^.     fSgs,  662-566  represent  frequently  oocorring  combinations. 


1^.662. 


Fig.  668. 


%.  664. 


Tlie  erystab  are  sometimes  prismatically  elongated  in  the  direction  of  one  of  the 
axes  (Jigt,  663,  664),  and  sometimes  reduced  to  the  tabular  form  b^  shorteninff  in 
one  direetbn  (see  Cbtbtaixoorapht,  ii.  149}.  CleaTage  very  distinct,  paralld  to 
ooFoo.  The  mineral  occurs  also  massiye,  with  fibrous  or  laminar  structure;  also 
gmnular.  Hardness  2*6  to  8*6.  Specific  gravity  4*8  to  4*72.  Ckdour  white,  or  in- 
clining to  grey,  blue,  green,  yellow,  red  or  brown.  Streak  white.  Lustre  splendent, 
between  resinous  and  pearly.  Transparent,  exhibiting  various  de^p*ees  of  translucency 
down  to  perfect  opacitjr.  It  is  sometimes  fietid  when  rubbed ;  an  impure  Tariety  called 
hepatite  exhibits  this  property  in  a  peculiar  d^ree.  It  decrepitates  before  the  blow- 
pipe, and  Aises  with  difficulty  at  the  edges  onl^.  In  the  inner  fiame  it  is  reduced  to 
sulphide  of  barium,  and  then  gives  off  smphydnc  acid  when  treated  with  an  acid. 

Pure  heavy  spar  contains  34*33  per  cent.  S(r  and  65*67  BaK) ;  but  the  mineral  generally 
also  contains  small  quantities  of  alumina,  oxide  of  iron,  sib'ca,  and  carbonate  of  cal- 
cium. Sulphate  of  strontium  is  also  a  common  ingredient  The  variety  called  calsfron- 
haryte  contains  1  at.  lime  and  1  at  strontium  to  9  at  barium. 

It  is  a  veiy  abundant  mineral,  generallyoccumng  in  metalliferous  veins,  as  in  the 
lead-mines  of  Durham,  Cumberland,  and  Westmoreland.  It  occurs  also  in  secondary 
limestones,  sometimes  in  distinct  veins,  and  often  in  crystals  associated  with  ccelestin 
and  calcspar.  In  Staffordshire  and  Derbyshire  is  found  an  opaque,  massive  vurioty 
oaUed  cawk,  having  an  earthy  appearance  and  dirty  white  colour.  On  the  continent 
of  Europe  it  is  found  chiefly  at  Felsobanya  and  Kremnitz,  at  Freiberg,  Marienbei^, 
Clausthal,  and  Przibram,  and  at  Boya  and  Roure  in  Auver^e.  Rounded  masses, 
eomposed  of  divei^nt  columnar  particles,  occur  at  Mount  Paterno,  near  Boloffna, 
hence  called  Bolcgnese  atone.  At  Freiberg,  in  Saxony,  a  variety  occurs  composed  of 
indistinct  prismatic  crystals,  having  a  pearly  lustre,  called  Stangenspath  by  Werner. 
(For  the  jbnerican  localities,  see  Dan  a,  ii.  367.) 

Heavy  spar  occurs  altered  to  calcspar,  spathic  iron,  cerusite,  quarts,  limonite  red 
iron-ore,  pyrites^  psilomelano,  gothite. 

The  white  varieties  of  heavy  spar  are  nound  and  used  as  a  white  paint,  sometimes 
alone,  but  more  generally  aiixed  with  white  lead,  the  heavy  spar  alone  not  possessing 
sufficient  opacity  to  form  a  good  pigment 
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I  sflicate  of  linc.    (See  WzLLncm.) 
A  black  variety  of  angite,  oontaining  a  large  qtuuititj  of 
iron,  little  or  no  magnesia,  and  no  alumina    SpMiiie  graTitj  3*5.      Found  chiefl/  at 
Tnnaberg,  in  Sweden. 

KSBBSA  ItWifH,  Ivy. — ^The  seeds  of  tliis  plant  contain  a  nitrogenous  mb- 
stance  resembling  emulsin,  also  &t,  two  peculiar  adds,  sugar,  a  small  quantity  d 
pectin,  and  inoreanic  salts.  From  the  fresh  seeds,  ether  extracts  a  green  oil, 
oontainiuff  a  solid  and  a  liquid  &t.  The  former  is  somewhat  difficult  to  si4X>iiify, 
and  yields  by  saponification  a  fatty  add,  whidi,  after  repeated  crystallisation  from 
alcohol,  melts  at  a  temperature  not  above  30^,  and  forms  a  silver  salt  containing 
from  27'4  to  27*6  silver  (Posselt).  The  adds  contained  in  ivy-seeds  are  described  in 
the  next  artide. 

HBBBBZO  AOXll.  An  add  contained,  according  to  Posselt  (Ann.  Ch.  Pharm. 
box.  62)  in  the  seeds  of  ivy  {EMera  hdut).  It  is  obtained  by  treatine  the  seeds 
with  ether  to  remove  &tty  matters,  and  boiling  the  reddue  with  alcohol  which  dis- 
solves the  add,  and  deponts  it^  after  concentration,  in  needles  or  delicate  scales^ 
colourless,  and  insoluble  m  water  and  in  ether.  The  add  is  inodorous,  but  possesses  in 
a  high  degree  the  acrid  taste  of  ivy-seeds.  It  gives  by  analysis,  66*6  per  cent.  C,  and 
9*6  H ;  its  rational  formula  is  unknown.  It  gives  off  6*42  percent  water  at  100°, 
and  chars  without  melting  at  a  higher  temperature.  In  contact  with  strong  sulphuric 
add  it  assumes  a  fine  purple  colour. 

Hederic  add  decomposes  carbonates,  and  forms  gelatinous  salts,  most  of  which  are 
insoluble  in  water,  but  soluble  in  alcohol  Even  the  potasnum-  and  ammonium-aait^ 
dissolve  but  sparingly  in  water,  and  are  de|)odted  ss  gelatinous  predpitates  when  the 
solutions  are  left  at  rest  The  nlver^alt  is  deposited  from  bouing  alcohol  in  white 
crystals. 

Ivy-seeds  likewise  contain  another  add,  the  presence  of  which  greatly  impedes  the 
purification  of  hederic  add.  This  add  is  unciystallisable ;  soluble  in  water,  alcohol 
and  ether ;  forms  soluble  yellow  salts ;  predpitates  lead-salts,  reduces  nitrate  of  silver, 
and  colours  ferric  salts  green.    It  appears  to  belong  to  the  fiimily  of  the  tannic  adds. 

BBBBSXWB.  An  slkalcnd  said  to  exist  in  ivy-seeds.  (Vandamme  and 
Chevallier,  J.  Chim.  jn^  [2]  vi.  681.) 

KSBTFBAVB.  A  variety  of  green  lead-ore  in  which  the  lead  is  partly  replaced 
by  caldum.    Found  at  Llngsbanshytta,  in  Sweden ;  also  called  Moamn  {q.  v.) 

MElaEMWMMm  An  oily  hydrocarbon  produced  by  distsUing  hdenin  with  phos- 
phoric anhydride.  After  rectification,  it  is  yellowish,  lighter  than  water,  and  has  iw 
&int  odour  resembling  that  of  acetone.  Boils  between  285^  and  295°.  Gives  by 
analysis  890  to  89*8  Q  and  10*1  to  10*4  H,  agreeing  nearly  with  the  formula  0*R^ 
(89*8  C,  and  10*2  H).    Its  formation  may  perluips  be  represented  by  the  equation  : 

C"H»0"  -  C»H»  +  H«0  +  2C0. 
The  evolution  of  carbonic  oxide  has  not,  however,  been  actually  observed. 

Helenene  heated  with  filming  sulphuric  acid  is  converted  into  nUpho-hdenic  acid, 
the  barium-salt  of  which  contains  1775  per  cent  barium. 

BBXiBVXV.  C^H^O*.  'A  crystalline  substance  existing  in  the  root  of  elecampane 
( Inula  hclenium^ ;  it  was  first  observed  by  C^eoffi^)y,  afterwards  examined  by  Dumas, 
and  more  especially  by  (}erhardt  {Trcdti,  iv.  296).  It  may  be  obtained  by  distilling 
the  root  with  water,  or  better  by  boiling  it  with  alcohol  of  80  per  cent ;  filtering  the 
solution  at  the  boiling  heat,  and  mixing  it  with  three  or  four  times  its  volume  of  cold 
water.  The  liquid,  after  twenty-four  hours,  depodts  hdenin  in  long  quadrilateral 
prisms. 

Hdenin  is  perfectly  colourless,  and  has  veiy  little  taste  or  odour.  It  is  insoluble  in 
water,  but  very  soluble  in  alcohol  and  ether.  It  melts  at  72°,  and  boils  between  275^ 
and  280*^,  decomposing  more  or  less  at  the  same  time. 

Hdenin  is  not  attacked  by  alkalis  in  aqueous  or  alcoholic  solution ;  but  when 
heated  with  potash-lime,  it  yields  a  resinous  compound,  which  remains  combined  with 
the  potash.  Strong  sulphuric  add  dissolves  it  with  blood-red  colour,  forming  a  con- 
jugated add.    Hy£rochloric  add  ^  is  absorbed  by  it  in  large  quantity. 

By  chlorine^  with  the  aid  of  heat,  it  is  converted  into  ehlorhelem%  perhaps  C**H»*CIK)* ; 
and  by  nitric  add  into  nitrokeUrdn.    Phosphoric  anhydride  converts  it  into  helenene. 

Ha&ZAirTRZO  ACZB.  0*^0*, HO  ?— An  add  obtabed  from  sunflower  aeiMds, 
belonging,  according  to  Ludwig  and  Kromayer,  to  the  tannic  add  group.  By  boiling 
with  moderately  dilute  hydrochlorie  add  in  a  stream  of  hydrogen,  it  is  resolved  into 
£prmentable  sugar,  and  an  add  violet  colouring  matter. 

BaUAWTBirs  AVMUUII.  The  Swufiower.—  The  peded  soeda  of  this  pk&t 
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eonUin,  according  to  Ladwig  and  Kromajer  (Arch.  Fharm.  [2]  zaz.  1,  285): 
1.  HelinDthic  acid. — ^2.  A  fat  oil,  amounting  to  40  ^  cent  of  the  peeled  seeda.^ 
3.  A  small  qoantitj  of  fermentable  suffor,  nncrystaUisable^  and  capable  of  reducing 
caprie  oxide,  obly  ^en  the  latter  is  present  in  oonaiderable  onantity  in  alkaliae  adb- 
tion. — I.  A  sabatanoe  solable  in  alcohol,  precipitated  firam  ttaa  midim  hj  «llnr  in 


the  form  of  a  syrnp,  not  directly  fnaHBtdU^  jMid«at  «qMMe  of  redacins  enpric  oxide 
lA  alkaline  eohmiw,  fait  ^uaftiUe  bj  boiling,  either  alone  or  with  adds,  into  a  irab- 
aiiaBee  irhidi  redooes  cnnric  to  cuprous  oxide,  and  perhaps  constituting  a  link  between 
inulin  and  sugar.»6.  Legumm,^^.  A  substance  perii^w  identical  with  innlin,  inso- 
luble in  cold  water  and  alcohol,  and  oouTerted  bj  boiling  with  dilute  acids  into  a  body 
which  reduces  cuprio  to  cuprous  oxide. — 7.  Mulders'  horny  regetable  albumin  (a 
body  resembling  cellulose,  soluble  in  strons  sulphuric  add,  and  predpitable  from  this 
solution  hj  water). — 8.  A  mixture  resembOng  cerebrin,  and  another  resembling  oleo- 
phosphorie  add.— 9.  Cellulose. 

"Hie  nitrogenous  substance,  iHiich  is  scduble  in  boiling  alcohol,  and  remains  as  a 

Slattnons  mass  when  the  alcohol  is  distilled  off,  appears  to  be  a  compound  of  helian- 
ic  add  with  a  protein-substanoe^  accompanied  by  a  soapy  compound. 
The  peeled  seeds  dried  in  the  air  at  mean  temperatures  yielded  4*2  per  cent*  ash,  of 
which  3*8  pts.  were  insoluble,  and  0*4  soluble  in  water. 

mmLXOIM.  (y*WK>\  (Pi  ria,  Ann.  Ch.  Phys.  [8]  xiv.  287.)  -A  body  produced 
hj  the  action  of  Tery  dilute  nitric  add  upon  salidn : 

C«H'H)*  +  O  -  H«0  +  C'«H»K)»; 

Salldn.  HdlclD. 

alao,  together  with  benzoic  add,  by  boiling  bensO'helidn  with  magnesia  (Piria,  Ann. 
Ch.  Pharm.  xcri  380).  To  prepare  it»  1  pt  of  pulTorised  salidn  is  mixed  with  10  pts. 
of  nitric  add  of  20^  Bm.  (specific  graTity  1*157)^  and  the  mixture  is  left  to  itself  in  an 
open  TesseL  In  about  24  hours  the  salidn  is  completely  dissolved,  especially  if  Uie 
mixture  be  stirred  from  time  to  time,  and  oystals  <^  helidn  collect  at  the  bottom  of 
the  yeeeel.  The^  must  be  pressed  between  paper  and  purified  try  washing  with  ether 
till  the  ether  which  runs  on  no  longer  reddens  feme  salts.  Salidn  yiel£  about  two- 
thirds  of  its  weight  of  helidn. 

Helidn  crystiOhses  in  small,  white,  Ttarj  alender  needles  containing  }  at  water.  It 
ia  neutral,  slightly  bitter,  spannglT  soluble  in  cold  water,  dissolres  Tery  freely  in  boil- 
ing water ;  it  is  soluble  also  in  alookoi,  but  is  insoluble  in  ether.  At  100^  C.  it  gires 
off  its  water  of  crystallisation,  amounting  to  4*64  per  cent  At  175^  it  melts,  and  at  a 
higher  temperatare  gives  off  Tapours  of  hydride  of  salicyL  Under  the  influence  of 
emuUm,  or  of  dilute  acids  or  alkaiis  at  the  boiling  heat,  it  is  resoWed  into  glucose  and 
hydride  of  salicyl : 

C>«H»«0'  +  H«0  -  CW«0«  +  cmK>\ 

Hdldo.  C10C0-.         ^y^^^ 

At  ordinary  temperatures,  the  fixed  alkalis  and  alkaline  earths  merely  increase  the 
solubility  of  helidn  in  water. 

Baaso-lieUelB.  C*H»0*  -  C»"H»»((7H»0)0».— This  compound,  which  is  related 
to  helidn  in  the  same  manner  as  populin  to  salidn,  is  obtained  bv  dissolving  benzo-salidn 
(populin)  in  10  or  12  times  its  weight  of  nitric  add  of  specific  gravity  1*3.  It  ciys- 
talhses  in  tufts  of  silky  needles,  which  do  not  give  off  any  water  when  heated.  It  ms- 
aolves  in  boiling  water ;  and  if  the  first  drops  of  a  solution  filtered  at  the  boiling  heat 
crystallise  on  cooling,  the  ciyBtallisation  extends  throughout  the  entire  mass ;  bit  on 
again  applying  heat,  and  leaving  the  solution  to  cool  slowly  and  quieUy,  it  solidifies  to 
a  gelatinous  ]^^ 

Benxo-helidn  is  not  decomposed  by  emuLnn,  but  alkaUs  and  acids  convert  it  into 
benioic  add,  hydride  of  salicyl,  and  glucose : 

C»H»0«  +  2H«0  -  (rH«0«  +  (THH)*  +  <>H>«0«. 

Benio.  B«ntolc         Hjdrlde  ni.^«^ 

heUdn.  acid.  of»«UcyL         Olucoie. 

By  boiling  with  magnesia  (or  other  bases  which  do  not  act  upon  helidn),  it  is  resolved 
into  benaoic  add  and  helidn. 


I  C"H'*BrO^HK),  is  prepared  like  chlorbelidn,  and  exhibits  similar 
reactions,  but  always  separates  from  solution  in  the  gelatinous  form,  and  idien  dry, 
lonns  a  dirty  white  powder  without  any  appearance  of  crystallisation. 

€nil«rtielleiii«C"H'H^10^  exists  in  two  modifications,  which  may  be  distinguished 
aa  a  and  0. 

•  Ckhrkelicin  is  obtained  by  agitating  helidn  with  water  in  a  vessd  filled  with  chlorine. 
The  produd  is  purified  by  pressure,  washing  with  cold  water,  and  solution  in  boiling 
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WAter,  the  liquid  as  it  cools  either  depositing  small  ; 
helicin,  2C*'li'H)10^H'0,  or  solidifying  to  an  amor^ 
qnantity  of  water. 

a  Chlorhelicin  is  inodorons,  bitter,  nearly  insoluble 
hot  water  and  in  alcohol.  The  crystals  contain  8  per  c 
thsn  the  amount  required  by  the  formula  just  given 
bably  arising  from  admixture  of  a  small  quantity  of  g( 
heated  to  between  120^  and  ISO^',  they  give  off  the  ¥ 
maining  anhydrous  a  chlorhelicin,  when  raised  to  a 
vapours  of  hydride  of  chlorosalicyL  This  product  is  1 
glucose  or  its  products  of  decomposition,  on  heating  a  ( 
alkaUs,  or  by  treating  it  with  emuUin : 

C»»H«»C10»  +  HK)  -  C"H»aO«  +  C^"0» 

fi  ChlorkelicifL  When  chlorine  is  passed  into  an  alcoholic  solution  of  heliciii,  a  ^ 
granular  substance  is  obtained,  wluch  has  the  composition  of  a  chlorhelicin,  b 
insoluble  in  water,  nearly  insoluble  in  boiling  alcohol  and  ia  not  decomposed  b 
r  just  mentioned  by  adds,  alkalis,  or  emulsin. 


KKLXCOZBXV.  C«H"'0"  (Piria,  Ann.  Ch.  Phys.  [3]  xiv.  292). — This 
stance,  which  ma^  be  regarded  as  a  compound  of  helicin  and  saHcin  (C"H^5 
C"H'*0'),  is  obtained  by  treating  salidn  with  nitric  acid  still  more  dilute  than 
which  is  used  for  the  preparation  of  helicin,  viz.  of  12®  Bm.  (specific  gravity  li 
It  may  be  purified  by  washing  with  cold  water  and  crystallisation  from  boiling  v 
It  forms  needles  resembling  those  of  helicin,  and  containing  |  at  water  (2C''H^ 
8H^).  Under  the  influence  of  emulsin  it  is  decomposed  similarly  to  helicin,  yiei 
however,  saligenin  in  addition  to  glucose  and  hydride  of  salicyl : 

C»-H«0»«  +  2H«0  «  20WH)*  +  CTH-O*  +  C^«0«. 

Helicoldin.  GIucom.  o^falicyl.         Saligenin. 

Alkalis  and  acids  act  in  the  same  manner,  the  latter,  however,  converting  the  salig 
into  saliretin  (CH'O)  by  abstraction  of  water. 

Helicin,  salicin,  and  helicoidin  are  related  to  one  another  in  the  same  mann 
quinone,  colourless  hydroquinone,  and  green  hydroquinone. 

BS&ZOTSOPB  or  Bloodstone.  A  variety  of  chalcedony,  having  a  deep  g 
eolour  with  blood-red  spots.    It  is  used  as  a  gem. 

BBZiZX  POMATZA.  The  Garden  or  Vineyard  Snail. — The  shell  and  opein 
of  this  mollusc  have  been  analysed  by  B.  Wick e  (Ann.  Ch.  Pharm.  cxxt.  79), 
the  following  results : — 

SheU  .        .  9607  098  086  1-16  095   =:.   10 

Operculum  .  8675  0*96  5*36  0*16  0*35  6*42    »  10 

W.  Wicke  (Ann,  Ch.  Pharm.  Ixxxvii.  224)  found  in  the  opei 
carbonate,  and  5*73  per  cent  phosphate  of  calcium,  together  with  tr 
phosphate  of  magnesium.  He  supposes  that  the  phosphate  of 
chiefly  in  the  small  nodules  which  cover  the  surface  of  the  o] 
Ixzxii.  365)  found  in  the  shell,  98*5  per  cent,  carbonate  of  ca 
matter,  but  no  phosphoric  acid,  silicic  acid,  fluorine,  magnesia,  or 
Pharm.  [3]  xxxiii.  161)  found  that  the  shell  contained  70  per  < 
dried  consisted  almost  whoU;^  of  carbonate  of  calcium,  with  smal 
and  ferric  phosphates,  and  ammal  matter. 

In  the  animal  itself  (3k>bley  found  a  peculiar  mucus,  containing  a  small  quantity 
carbonate  of  potassium,  which  gives  it  an  alkaline  reaction,  redissolves  in  water  a 
drying,  but  loses  this  property  after  a  while.  Gk>bley  also  found,  besides  the  s 
usually  occurring  in  the  animal  organism,  a  small  quantity  of  chloride  of  ammoni^ 
a  peculiar  compound  of  animal  matter  with  carbonate  of  calcium,  partially  solubli 
water,  and  traces  of  iodine.  Ben  eke  (Ann.  Ch.  Pharm.  cxii.  249)  found  in 
animal,  a  peculiar  fatty  substance  called  myelin,  existing  also  in  the  brain  and  ot 
organs  of  the  higher  animals,  which  swells  up  in  peculiar  forms  when  soaked  in  ws 

BB&&a80BZXra.  An  azotised  body  contained  in  the  root  of  black  hellel] 
{HeUeboms  hiemalia).  It  is  obtained  by  exhausting  the  root  with  alcohol,  dilut 
the  extract  with  a  certain  quantity  of  water,  which  precipitates  a  resin,  and  cone 
trating  the  filtered  liquid. 

It  forms  colourless  crystals,  having  a  harsh  bitter  taste,  soluble  in  water  and 
alcohol,  more  soli^le  in  ether.  The  solutions  are  neutral  to  test-paper.  It  is  deoG 
poaed  by  hea>t»  also  by  nitric  and  sulphuric  acids.    Heated  with  potash  it  gives 
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•Buno&iA.  It  if  not  precipitated  from  its  solutioiiB  by  acetate  of  lead,  chloride  of 
BMreniy,  or  iodide  of  potaannm.    (W.  Bastick,  Pharm.  J.  Traaa.  zii  174.) 

MSbUOPUaiTA.    Called  also  Leelite.    A  Tarie^  of  felspar,  occturing  at  Orj' 
phjttan,  in  Sweden,  haTing  a  peculiar  waxy  Instre  and  deep  flesh-red  colour. 

and  nbUOmr.    See  Hk.bmsic>  and  Hbudon  (p.  188). 
A  Tarietj  of  chlonte  oeeorring  in  felspar  and  qnarts.    (D  ana,  ii 

a94> 

A  TarietT  of  limesUme,  generally  of  a  dark  colour,  and 

distinguished  bj  the  beantiAil  red  and  men  iridescence  of  toe  fossil  shells  which  it 
^MM^t^^'f^  It  is  found  in  Carinthia,  at  Halle  in  the  Tyrol,  and  other  localities,  and  is 
made  into  a  Tariety  of  ornamental  articles.    (Handw.  d.  Ohem.  iii  848.) 

SX&vnr.  I^troAedral  Gamet.'^A  mineral  consisting  of  silicate  of  manganese, 
iron,  and  glneinnm.  combined  with  oxysnlphide  of  manganese.  It  occurs  in  regular 
tetrahedrons.  Hardness  6  to  6-5,  rather  greater  than  that  of  felspar.  Specific  gravity  31 
to  8*8.  Lustre ritreous,  inclining  to  resinous.  Colour  wax-yellow,  inclining  to  yellowi-h 
brown  and  siskin-green.  Streax  uncoloured.  Subtransluoent.  Fracture  uneven.  On 
chanxwl,  in  the  re<uicing  flame,  it  melts,  with  intumescence,  to  a  yellow  opaque  globule. 
When  finely  pnlTerised  it  is  decomposed  by  hydrochloric  acid,  with  evolution  of  sul- 
phydric  acid  and  separation  of  gelatinous  silica. 

Aiudyicsi  1,  2.  Prom  Saxony,  by  C.  Omelin  (Pogg.  Ann.  iil  68).  8.  From 
Norway,  bjBammelsberg  (^Mineratcheme^  p.  700) : 

1 
Silica         ....        36-27 
Sulphur     ....  — 

Alumina    .  .  l^^l 

Oludna      ....  803  (' 

Ferrous  oxide    .  .  8*00 

lianganous  oxide  .        42*12 

Loss  by  ignition         .        .  — 

94-86 
Hence  Rammelsberg  deduces  the  formula 

2(Mn ;  Fe)'^  .  3[2(Mn ;  Fe)*'0.28iO«  4. 2G''0 JBiO«] 
which  is  reducible  to  the  form  of  an  orthosilicate  united  with  a  protosulphide, 

8M«SiO«.2M«a 

Helvin  affords  the  only  known  example  of  a  native  compound  of  a  silicate  with  a 
sulphide.  It  is  found  in  the  gneiss  c^  Schwaisenberg,  in  Saxony,  assoeiated  with 
garnet,  quarts,  fiints,  and  calcspar:  at  Breitenbrunn,  in  Saxony;  and  on  the  Horte- 
kalle,  e  mountain  in  the  Liesthal,  near  Drammen,  in  Norway. 

See  BfiOMHTDBIKS. 


a 

88-26 
606 

S 

8813 

6*71 

12-08 

11*46 

6*66 
41-76 

116 
9881 

400 
49*12 

IO8I2 

See  Cbtstalloorapht  (ii.  121,  128,  186,  140,  160,  166). 

A  name  applied  by  Schiel  (Zeitschr.  Ch.  Pharm. 

1860,  p.  44)  to  series  of  organic  compounds^  tne  terms  of  which  diflflur  from  one  another 
tjynCH. 

nUIMOBVHIflM.  Hemimorphous  oystals,  according  to  most  authozs,  are 
those  which  are  unsymmetri^ally  terminated  at  the  two  ends  of  the  principal  «xis» 
e.  jf.  sQiceous  calamine  (i  714),  sulphate  of  magnesium  (ii  160).  Laurent^  how- 
ever (Compt  chim.  1849,  p.  269^  aj^ed  the  same  term  to  bodies  which  are  sinulsr, 
or  to  a  certain  extent  analogue,  in  composition  (cPujis  eertabiB  analog  dtm$  leur 
compo$itum\  and  eiystaUise  in  ftvms  n)elonging  to  the  same  or  to  diflmnt  systems) 
in  which  some  of  the  dihedral  an|^  are  nearly  equal,  while  the  rest  are  veiy 
unequal. 

Syn.  with  Siucxous  Caujidcb  (L  714). 
,  C»*H»«0«.  (Wohler  [1844],  Ann.  Ch.  Pharm.  i  17.— 
Blyth,  ibid.  L  86  and  48. — Anderson,  ibid,  Ixxxvi  194. — Hatthiessen  and 
Fof  ter,  Proc.  Boy.  Soe.  xi  68 ;  forther,  PhiL  Trans.  1863 ;  Chem.  Soc.  J.  xv.  346.)— 
This  acid  is  produced :  1.  By  the  oxidation  of  opianic  acid:  C'»H»»0»  +  O  -  C^H'^y, 
which  may  be  effected  by  the  action  of  peroxide  of  lead  and  sulphuric  add  (Wo  hie  rl 
or  of  aqueous  dichloride  of  platinum  (Blyth).— 2.  By  the  oxidation  of  narcotine  with 
dilute  nitric  acid  (Anderson),  or  with  peroxide  of  l<;ad  and  sulphuric  acid,  or  per- 
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oxide  of  mangtnese  aad  hydrochloric  ad 
dichloride  of  pl&tiniini  (Blyth).  In  these 
into  opianic  acid,  which  then  Sfuffen  farther 
by  the  decomposition  of  opi  anic  acid  nnder  th< 
and  Foster): 

2C'»H'*0»    -    C»»] 

OpUnic  Mid.  Mec 

Preparation, — 1.  Opianic  acid  is  heated 
oxide  of  lead ;  dilate  salpharic  add  is  addc 
escape ;  the  liquid  is  left  to  cool  partially ; 
all  the  lead  is  urecipitatAd,  and  the  filtral 
The  first  oystali  are  sometimes  mixed  w 

{mrified  from  it  by  their  mach  greater  solal 
iqnor  resulting  from  the  action  of  dilate 
separation  of  meconin,  ootamine  and  opiani 
be  obtained  by  precipitating  this  mother-lie 
the  precipitate  with  sulphTdric  acid.     (An 

3.  Opianic  acid  is  mixed  with  a  laige  exi 
nearly  to  dryness ;  and  the  resnltinff  alkaline 
of  potassium,  is  dissolved  in  a  mo^brate  qua 
of  bydrochloric  add,  whereby  the  meconin 
it  the  greater  part  of  the  hemipinic  add. 
poured  off  from  the  solid  cake  of  meconin 
and  evaporated  to  a  small  bulk,  so  as  to  s< 
potassium ;  this  salt  is  washed  with  alcob 
the  concentrated  mother-liquor;  and  the  fr 
precipitated  is  removed  by  filtration  or 
porated  nearly  to  diyness  over  the  wu 
again  treated  with  luoohol  to  separate 
sium;  and  the  alcoholic  solution  is  filti 
product  of  these  operations,  together  witli 
oemipinic  add,  in  boiling  water,  and  rei 
ammonia,  nearly  all  the  meconin  ciystallisea 
of  ammonium  remains  in  solution,  togethc 
complete  purification,  the  solution  of  the  a 
lead,  and  the  hemipinate  of  lead,  after  tho 
by  sulphydric  add(Matthies8en  and  F< 
ferable  to  the  oxidation  process ;  because  in 
at  the  right  point,  so  that  there  is  always  a  r 
posed,  or  of  losing  a  portion  of  the  hemipii 

Properties. — Hemipinic  add  crystallisep 
(Wohler),  or  large  flat  rhombohedrons  (. 
taste,  and  a  strong  add  reaction.  It  dissoh 
in  alcohol  and  in  ^her.  The  crystals  efflon 
(  «  2  at)  water  at  100°  C.  At  180°  it  m^ 
coeHng.  Heated  between  two  watch-glai 
benzoic  add. 

Deeomposiiions. — Hemipinic  add  bums  i 
of  lead  and  stdpkuric  acid^  it  appears  to  be 
uihydride  (Wohler);  distilled  with  excess 
)letely  resolved  into  carbonic  anhydride, 
Matthiessen  and  Foster) : 

C'»ff»0«  +   2HI  =   C 

Hemipinic  Hyi 

Heated  with  two  or  three  times  its  weigh 
sealed  tube  to  about  110^,  or  in  an  open 
a  manner  that  the  condensed  vapour  flowc 
ratus  for  evolvbg  hydrochloric  acid  gas, 
saturated  with  add,  it  is  resolved  into  carb 
add  having  the  compodtion  CHK)*,  homol 
C»«H»»0«  +  HCl  -  CO 
This  acid  (not  yet  named)  cnrstallises  in  long 
water,  not  much  more  soluble  in  boilinc  wat 
When  heated,  it  begins  to  sublime  without 
a  tamperature  of  more  than  246^  without  a 
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it  meltty  And  soUdiiieB  to  a  crystalliae  maas  on  eooling.  It  dinolvet  in  strong  sul- 
phuric acid,  and  oiystallises  unchansed  from  a  wann  aatnrated  solution ;  a  cold  solu- 
tion is  not  precipitated  by  water.  U  gives  no  coloration  with  feme  chloride ,  with 
nitrate  of  silrer  it  forms  a  white  precipitate,  which  Uadcens  on  boiUng.  (Mat- 
thiessen  and  Foster.) 

When  the  mother^liouor  from  friiidi  this  acid  has  crystaUised  is  subjected  to  the 
prolonged  action  of  hyarochloiic  acid,  hjpogallic  acid  appears  to  be  formed.  (Mat- 
thiessen  and  Foster.) 

Hemipinatfs. — ^Hemipinie  add  is  dibasic,  its  normal  salts  beinje  represented  bj 
the  formula  C'^H'MK)'.  It  is  distinguished  from  opianic  add  by  forming  insoluble 
salts  with  Uadf  silver,  and  ir<m.  The  ammonium-^t  forms  crystals  permanent  in 
the  air. 

The  neuiral  potastwm-^aU  is  toy  soluble  and  difficult  to  crystsUise. 

The  add  potassmm-saU,  CH^O^.fHK),  forms  laige  hexagonal  tables,  easily 
soluble  in  water  and  alcohol,  insoluble  in  etiier.    It  ffiTes  off  its  water  at  100^. 

Barium^salt. — When  a  solution  of  hemipinic  add  is  neutralised  with  baryta-water, 
or  when  solutions  of  hemipinate  of  ammonium  and  chloride  of  barium  are  mixed  to- 
gether, the  liquid  remains  dear  for  a  long  while  if  left  to  itself;  but  on  boiling  it  for 
a  short  time,  small,  shining  crystalline  pliSbes  of  hemipinate  of  buium  are  predpitated, 
and  soon  fill  the  liquid,  prorided  the  solutions  used  were  not  too  dilute.  The  liquid 
on  cooling  redissoWca  this  predpitate^  and  becomes  almost  or  quite  dear;  but  after 
standing  for  a  few  hours,  or  for  a  day  or  two,  it  again  depodts  hemipinate  of  barium, 
but  this  time  in  feathery  tufts  of  very  small  silky  needles ;  if  the  liquid  be  now  asain 
heated,  these  feathery  ciystals  redissoWe,  and  the  crystaUioe  plates  again  make  uieir 
appearance.  This  reaction  affiwds  the  means  of  recooiisiiig  hemipinie  add,  even  idien 
present  in  small  quantity  only.    ^Hatthiessen  and  Foster.) 

Ferric  hemipinaU  is  a  jpredpitate  of  a  fine  orange-yellow  colour  (Blyth).  The 
iead^sali  is  a  white  predpitate  insoluble  in  water;  but  soluble  in  aqueous  acetate  of 
lead,  whence  it  sepan^  in  transparent  nodules  (W o hler).  The  sUwr-salt,  C'*H'Ag*0*, 
n  a  white  predpitate  insoluble  in  water. 

Ethyl' hemipinie  acid,  Ci«H*(CH*)0'.  |H*0,  is  obtained  br  passing  hydro- 
chloric acid  oas  mto  a  solution  of  hemipinic  aad  in  absolute  alcohol  It  crystaUises 
in  bulky  needles,  which  sive  off  their  water  (9*6  per  cent)  at  100^.  It  has  a  strong 
ucid  reaction,  is  very  sli^tly  soluble  in  cold  water,  rather  more  in  boiling  water.  The 
aqueous  solution  predpitates  ferric  salts,  but  not  lead-  or  silver-salts.  The  ethyl- 
hem  ipin  ates  are  difficult  to  purify.  The  barium'Salt  forms  needles  grouped  in  tuts. 
(Anderson.) 

Syn.  with  GLTOOGSir  (iL  906). 
A  variety  of   heavjr  spar  oontaininff  bituminous  matter,  and 
distinguished  by  the  hepatic  odour  which  it  emits  when  rubbed  or  struck. 

MM9TWJU.  CH».  Oenanths/L'-'The  radide,  not  yet  isolated,  of  heptylie  ot 
cenanthylic  alcohol  and  its  derivatives.  

mum^  AOXTATB  OV.    C^>H>>  -    e^jo.     (Bonis   and  Oarlet, 

CompL  rend.  Iv.  140;  Ann.  Ch.  Fharm.  cxxiv.  868. — Schorlemmer,  Chem.  Soe.  J. 
zvL  217). — This  compound  is  obtained : — 1.  By  heating  osnanthol  (heptylie  idddiyde, 
CrH**0)  with  zinc  and  gladal  acetic  add.  The  nascent  hydrogen  thereby  liberated 
unites  with  the  lenanthol,  forminghep^lic  aloohd ;  and  this,  with  the  excess  of  acetic  add 
forms  acetate  of  heptyL  On  washins  the  product  with  water,  and  agitating  it  with  add 
stulphite  of  sodium,  to  remove  undBoomposed  cBuanthol,  the  acetate  of  heptyl  is 
obtained  as  an  oil  floating  on  the  suifoce  (Bonis  and  Carlet). — 2.  By  decomposing 
chloride  of  heptyl  with  acetate  of  potasdum.  The  two  substances,  mixed  with  gladad 
acetic  add,  are  heated  in  sealed  tubes  to  150^ — 160^  C,  for  twdve  hours.  The  products 
of  the  reaction  are  chloride  of  potasdum,  acetate  of  hep^l,  and  heptflene.  On  diluting 
the  contents  of  the  tubes  with  water,  drying  the  light  oil^  liquid  wnich  separates  with 
chloride  of  caldum,  and  sul^jecting  it  to  fractional  distillation,  the  hept^lene,  which 
boils  at  96^,  is  eadly  separated  from  the  acetate  of  h^>tyl,  the  boiling^  point  of  which 
is  much  hi^er  (Schorlemmer).  Alcohol  may  be  used  in  the  preparation  instead 
of  gladal  acetic  add,  but  it  is  less  convenient^  as  the  last  portions  of  the  chloride  are 
then  very  slow  to  decompose,  requiring  a  heat  of  200^  continued  for  several  days. 
(Schorlemmer.) 

Acetate  of  heptyl  is  a  colourless  oily  liquid,  lighter  than  water,  having  an  agreeable 
fruity  odour,  and  boiling  at  160^  (Bonis  and  Carlet),  between  179®  and  181^ 
(Schorlemmer),  which  is  about  10^  higher  than  it  should  be  according  to  Kopp's 
law  (p.  90).  It  contains,  according  to  the  mean  of  Schorlemmer^s  analvses,  68*18  per 
esnt.  carbon,  and  11*54  hydrogen,  the  formula  requiring  68*35  carbon  and  11*39 
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hydrogen.— Bj  distillation  with  potash-ley,  it  yields  aoecate  of  potassiiim  and  hep(ryli« 
afoolKS. 

KBFTTXn  BXOMZBB  0V«  This  compound  is  slowly  prodaeed,  with  evoliitioD 
of  hjrdrobromio  add,  when  bromine  is  added  to  hydride  of  h^vtrl,  and  the  mixture  is 
eithAT  exposed  to  sunshine  or  heated  in  sealed  tubes  to  I0(r;  the  action  may  be 
auickened  by  adding  a  little  iodine.  On  distilling  the  product^  a  laige  quantity  of  un- 
decomposed  hydride  passes  over  tint,  and,  as  soon  as  the  tempcnture  rises  to  llO*^,  the 
residue  begins  to  decompoM  and  blacken.    (Schorlemmer,  /oc.  cit,) 

BaFTT&,  OB&ORZOB  OV.  C'H'H^l.  (Petersen,  Ann.  Ch.  PharoL  cxriii.  74. 
^Schorlemmer,  Chem.Soc  J.xt.423;  xTi.217,426).— Obtained:— 1. By  theacHou 
of  pentachloride  of  phosphorus  on  heptylic  alcohol,  and  purified  by  washing  and  distiUa- 
tion  in  the  usual  way  (Petersen! — 2.  By  the  action  of  chlorine,  or  better  of  chloride  of 
iodine,  on  hydride  of  heptyl.  Colorine  gas  is  passed,  not  in  excess,  into  a  solution  of 
iodine  in  hvdride  of  heptyl ;  the  unattacked  pcntion  of  the  hj)rdride  is  then  distilled  o£^ 
and  the  chloride  of  heptyl  is  senarated  by  fractional  distillation  from  the  portion  boiling 
between  140^  and  160^  (Schorlemmer). — 8.  In  like  manner,  from  ethyl-amyl 
(CH^C^H'*),  which  is  isomeric  with  hydride  of  heptrjrL  The  product  yidds,  by  frac- 
tional distillation,  two  liquids  of  constant  boiling  pointy  ««#.,  ehloride  of  hc^yl,  and 
monochlorinated  chloride  of  heptyl,  which  are  eanly  separated  by  distillation,  as  theii 
boiling  points  differ  by  40*'.     (Schorlemmer^  Chem.  Soc  J.  zri.  426.) 

Chloride  of  heptyl  is  a  colourless  liquid,  baring  an  agreeable  fruity  odour,  and  burn- 
ing with  a  sraokrgreen-boidered  flame.  SpeoiflcgraTity  0*891  at  19^.  (Schorlemmer); 
0*9983  at  66^  (Petersen).  Boiling  point  of  the  chloride  obtainedfiom  castor-oil  alcohol 
»175^  (Petersen);  of  that  obuued  from  hydride  of  heptyl  or  ttom  ethyl-amyl 
a  160^^  (Schorlemmer).*  This  difbrenoe  seems  to  point  to  the  existence  of  two  isomene 
modifications  of  chloride  of  heptyl.  Neither  boiling  point  agrees  Ytry  wdl  with  that 
calculated  according  to  Kopp's  law  (p.  91) :  for  the  arenige  differenoe  for  homolo- 
gous chlorides  of  the  alcohol-radicles,  C*H^'*'',  is  about  30^,  chloride  of  ethyl  boiling 
At  11^,  and  chloride  of  amyl  at  101° :  hence  chloride  of  heptjl  should  boa  at  about 
1610. 

Chloride  of  heptyl  contains,  according  to  Petersen's  analyses,  from  61*68  to  6*2*25 
per  cent  carbon,  11*01  to  11*28  hydrogen,  and  26*46  chlorine,  the  formula  requiring 
62  46  C,  11*16  H,  and  26*36  CI  It  is  insoluble  in  toater,  but  dissolves  easily  in  alcohol 
and  ether.  Heated  in  a  sealed  tube  with  acetate  of  potassium  and  alcohol  or  glacial 
acetic  acid,  it  yields  acetate  of  heptyl  (p.  141) ;  and  when  heated  in  Uke  manner  with 
alcoholic  suipl^draU  of  potassittm^  it  yields  sulphydrate  of  heptyl  It  is  soarcdy  acted 
upon  by  strong  potaah-Utf^  even  when  heated  with  it  in  sealed  tubes  to  180°  for  sereral 
days,  only  a  small  quantity  of  heptylene  being  formed,  and  not  a  trace  of  heptylic 
alcohol    ^Schorlemmer.) 

MonocJuorinated  Chloride  of  Hr^tyl,  C'H'*C1.CI,  isomeric,  if  not  identical,  with 
chloride  of  heptylene,  C'H'^Cl*,  is  obtained,  together  with  chloride  of  heptyl,  by 
the  action  of  ehloride  of  iodine  on  ethyl-amyl  (see  aboye).  It  boils  at  190^  and  gires 
by  analysis  41*85  per  cent,  chlorine,  the  formula  requiring  42*01.     (Schorlemmer.) 

Ba»TT&,  HTBSATa  OV.  CH'^O-c^'^'^lo.  Ht^ftyUe  or  Oenanth^  alco- 
hol.— ^This  alcohol  occurs,  together  with  others,  in  the  fbsel-oil  from  the  brandy 
distilled  fh>m  marc  ot  grapes  (Weintreher-fueelol),  The  portion  of  this  lionid 
boiling  aboye  183^  0.  contains  several  alcohols  of  the  series  C"H'"'*'*0,  higher  tziau 
amylie  alcohol ;  and  b^  subjecting  it  to  repeated  fractional  distillation,  a  portion  may 
be  obtained  which  bods  b^ween  166^  and  160^,  and  exhibits  the  composition  and 
reactions  of  heptylic  aleohoL  (Paget,  Bull  Soo.  Chim.  de  Paris,  1862,  p.  69 ;  Ann. 
Ch.  Pharm.  cxxiy.  366.) 

Heptylic  alcohol  is  likewise  obtained: — 1.  By  the  action  of  nascent  hydrogen  on 
csnanUiol,  C^*H)  (Bonis  and  Carlet).  The  osnanthol  is  treated  with  sine  and 
^adid  acetic  acid,  as  already  described  (p.  148),  and  the  resulting  acetate  of  h^yl, 
distilled  with  potash,  yields  the  alcohol — 2.  From  hydride  of  hep^l,  that  compound 
being  first  converted  into  chloride,  the  chloride  into  acetate,  and  the  acetate  into  the 
aloohol  by  distillation  with  potash.    (Schorlemmer.) 

3.  By  distillinff  ridnoleate  of  potassium  or  sodium  with  excess  of  the  caustic 
alkali  (L  98).  When  castor-oil  is  saponified  with  potash  and  the  resulting  soap 
(ricinoleate  of  potassium)  is  distilled  witJii  excess  of  solid  potash,  hydrogen  is  erolved, 
and  an  oily  liquid  passes  over,  containing  an  alcohol,  or  perhaps  two,  homologous 
with  ethylic  alcohol,  together  with  an  aldehyde  or  an  acetone,  while  sebate  of  potas- 
sium remains  in  the  retort  Bonis,  who  first  observed  this  reaction,  originally 
re^rded  the  vobitile  oily  product  as  odylic  or  capnrlic  alcohol  (Compt  rend,  xxxiii. 
144 ;  Ann.  Ch.  Pharm.  Ixxx.  304).  Soon  afterwards  (Institut,  1851,  p.  258 ;  Ann. 
Ch.  Pharm.  Ixxx.  306)  he  pronounced  it  to  be  heptylic  alcohol ;  but  ultimately  (Compt. 
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rend.  zixTiii  926 ;  zli.  603 ;  Ann.  Ch.  Pharm.  xeU.  395 ;  xcviL  34 ;  in  detail,  Anu. 
Ch.  FlijB.  [3]  xlir.  77 ;  zItul  99),  after  haying  inooeeded  in  pnrifying  the  alcohol 
more  completely  than  before,  he  returned  to  iua  first  opinion,  which  was  corrobo- 
rated bj  the  analysis  of  several  deriyatiyee  of  the  alcohol  by  himself^  and  also  by 
Hoschnin  (Ann.  Ch.Phann.  IxzxyiL  111\  Squire  (Chem.  Soc  Qa.  J.  vii.  108),  and 
Cahoars(Ann.Ch.  Pharm.  xcii399). — On  the  other  hand,  Bailton  (Chem.  Soc. 
Qa.  J.yi.  206),  from  a  determination  of  the  yaponr-density,  and  Wills  (ibid.  307), 
from  an  analysis  of  the  alcohol,  and  from  the  examination  of  some  of  its  compound 
ethers,  concluded  that  it  is  heptylic  alcohol  Somewhat  later,  Limpricht  (Ann. 
Ch.  Pharm.  xdiL  242)  showed  that  the  oily  distillate  obtained  as  aboye  contains  a 
considerable  quantity  of  a  liquid  which  forms  a  crystalline  compound  with  acid  sul- 
phite of  sodium ;  and  by  distilling  this  compound  with  excess  of  caustic  alkali,  he 
obtained  a  liquid  haying  the  composition  of  octylic  or  ca^lic  aldehyde,  CH'H), 
whidi  he  aocorain^y  regarded  as  the  chief  product  of  the  distillation  of  ndnoleie  add 
with  excess  of  potash.  According  to  SUideler,  however  (J.  pr.  Chem.  Ixii.  241 ; 
Jahresbor.  1867,  p.  361),  the  compound  CH"0  is  not  caprylic  aldehyde,  but  th» 
isomeric  compound,  methyl-cenanthyl,  CH'.C^'K),  belonging  to  the  dass  of  acetones 
(L  81)^  and  its  formation  takes  ^lace  simultaneously  with  that  of  heptylic  alcohol, 
in  the  manner  shown  by  the  equations : 

C»«H»«0«     +     2KH0     -     CH».C»H»K)     +     C»»H»«K«0«       +       2H» 
Bldooleie  M  othvl-  S«bate  of 

add.  onantnyl.  poUulum. 

eisHB«ot    +     2EH0     -      C^»0  +     C"H»«KH)*       +       CH« 

UdnoMe  Heptylic  SriMteof  Manh 

acid.  alcohol.  potattlom.  ga<. 

The  evdution  of  marsh  sas,  which  the  latter  eouation  supposes,  has  not,  however, 

been  observed :  the  gas  evdved  appears  to  be  in  all  cases  pure  hydrogen.  Stadeler's 

analysis  of  the  alcoh^  agrees  Tery  closely  with  the  formula  of  heptylic  alcohol  Similar 

results  have  bera  obtained  by  Petersen(Ann.  Ci^h.  Pharm.  cxviL  69),  who  analysed  the 

akohol  after  carefully  freeing  it  from  methyl-cananthyl,  and  also  some  of  its  derivatires, 

all  of  which  gave  results  agreeing  with  the  7-carbon  formulse.    On  the  other  hand, 

Dftchauer  (Ann.  Ch.  Pharm.  cvi  269),  from  his  analyses  of  the  carefully-purified 

alcohol  and  several  of  its  derivatiyes,  has  come  to  the  conclusion  that  the  volatile 

Moducts  of  the  reaction  are  methyl-cenanthyl  and  octylic  alcohol,  the  formation  of  the 

Utter  differing  from  that  of  the  former,  only  by  the  evolution  of  2  at  hydrogen  instead 

of  four: 

C»H«*0«     +     2KH0      -      C^"0     +     C»»H»«K«0*  +  H« 

RIclnoIek  rw«iu.  .i^w^k^ti  Sebate  of 

add.  Octylic  alcohol.  piftiftiwni. 

"From  these  various  statements  it  appears  probable  that  both  heptylic  and  oetjlie 
alcohol  may  be  produced  in  this  reaction.  It  must  be  observed,  however,  that  the 
percentage  of  carbon  in  the  two  alcohols  differs  by  only  1*4  per  cent.,  and  that  the 
pereentaffe  of  cubon  in  heptylic  alcohol  (72*4)  mi|;ht  easily  be  raised  to  that  of 
octylic  ucobol  (78*8)  br  the  admixture  of  a  certain  quantity  of  methyl-oananthyl, 
which  contains  more  carbon  than  either  of  them  (75*0  per  cent),  and  is  vei^r  difiKcult 
.  to  separate  from  the  alcohoL  It  is  possible,  therefore,  that  the  alcohid  obtained  may 
be  in  all  cases  the  heptylic,  but  that  some  chemists  who  have  analysed  it  hare  not 
succeeded  in  completely  removing  the  methyl-cenanthyl.  On  the  other  hs^d,  assuming 
the  received  formula  of  rieinoleio  add  to  be  correct  (and  it  is  confirmed  by  Petersen's 
analyses,  loe,  cit.\  the  formation  of  the  7-carbon  alcohol,  together  with  sebacie  acid, 
does  not  account  for  the  whole  of  the  carbon,  unless  we  suppose  marsh  gas  to  be 
evolved,  which  has  not  been  obeerved  by  any  one.  The  subjed;,  therefore,  requires 
frirther  investigation. 

Preparation  of  HeptyUo  akoMfrom  Cattor-oU, — ^The  oil  is  saponified  with  caustic 
soda,  and  the  ricin<neate  of  sodium,  SCT)aiated  in  the  usual  way  by  common  salt,  is 
distilled  by  small  poztions  witii  excess  of  caustic  soda,  as  long  as  the  distillate  continues 
to  pass  over  colouness.  The  portion  collected  between  170^  and  180®  is  rectified  over 
solid  potash,  washed,  and  shaken  up  with  a  concentrated  solution  of  acid  sulphite  of 
sodium ;  and  the  thick  pulp  which  forms  after  a  while  is  separated  from  the  mother- 
liquor  by  pressing  it  and  transferring  it  to  a  moist  filter.  The  whole  mass  is  then 
repeatedly  agitat^  with  ether,  in  which  the  alcohol  is  soluble,  but  the  compound  of 
the  acetone  with  the  alkaline  sulphite  is  insoluble.  The  ethereal  solution  is  then  filtered 
off;  the  ether  removed  by  distillation,  the  residual  oil  again  mixed  with  strong  solution 
of  acid  sulphite  of  sodium,  and  set  aside  for  several  days ;  Uie  watery  liquid  again  separated 
from  the  mass,  which  has  now  become  gelatinous ;  this  mass  is  exhaustMl  with  ether; 
and  the  oil  obtained  from  this  ethereal  solution  is  aoain  treated  several  times  with 
sulphite  of  sodium,  being  ultimately  left  in  contact  wiUi  it  for  several  wedEs,  or  as  bng 

Vol.  UL  L 


Digitized  by 


Google 


145  HEPTTL,   HYDRIDE  OF 

MB  any  smiU  qotntity  of  gelatinoas  preci|HUt«  eoDtimies  to  separate.  The  ofl  fiaallj 
obtained  after  eTapoiratitig  the  ether  ii  rectiied  otct  a  small  qiumtitjr  of  hjdnfte  of 
potassimn,  then  washed  with  water  and  dried.  The  product  thus  obtained  is  beplylic 
aloohoL    (Petersen.) 

Properties. — ^Heptyhc  alcohol  is  a  colourless  oily  liquid,  insoluble  in  water,  soluble 
in  common  alcohol  and  in  ether.  Specific  gravity  0'819  at  23^  (Stideler).  Yapoar^ 
density  4*34  (Petersen),  4*16  (Paget),  4*019,  by  determination  in  an  atmosd^ere  of 
hydrogen  (Railton):  by  oakmlation  (2  Tol)  -  4*04.  Boiling  point  179^^  (WillsX 
between  177  and  177-6®  fttadeler),  178*6®  (Petersen),  166®  (Bonis  and  CarletX 
between  165^  and  160^  (Paget).  These  diflereaoea,  as  with  the  chloride,  indicate  tb« 
ejdstence  of  two  modifications  of  the  aloohoL  The  calculated  boiling  point,  aooordiog 
to  Kopp*s  law,  is  173^  (p.  90),  so  that  the  heptylic  alcohol  obtain^l  from  oastor-oU 
appears  to  be  the  normal  compound,  whereas  tne  alcohol  obtained  from  brandy  ftuei- 
oil,  and  thBt  produced  from  oenanthol,  ^pear  to  oonmpood  with  Wanklyn  and  Erien- 
meyer's  jS-hexylic  alcohol,  inasmuch  as  the  latter  boils  at  134^  and  137  -i- 19— 156w 

The  following  table  eodiibits  the  oompositioo  of  heptylic  alcohol  as  detenniiicd  by 
calculation  and  oy  analysis: 


C  84  72-4 
H»  16  18*8 
0  16        13*8 


CH»«0    116      100*0  10000        10000       100*00        100*00        loo^eo 


Faget's  alcohol  was  obtained  from  brandy  fbsel-oil  (p.  144) ;  Schorlemmei's  was  pre- 
pared from  hydride  of  heptyl  obtained  from  DOffhead  naphtha ;  the  other  three  from  castor- 
oiL  Petersen  obserres  tnat  the  purification  of  the  alcoool  did  not  always  succeed  so  com- 
pletely as  in  the  sample  whose  analysis  is  abore  ffiren ;  in  one  spedmoi  he  found 
72*95  per  cent,  caibon  and  13*37  hydrogen.  Bonis,  Moschnin,  and  Dachauer,  as  already 
obsenred,  have  obtained,  by  their  analyses  of  the  castor-oil  alcohol,  results  asreeiiig 
more  nearly  with  the  fbrmuU  C*H**0,  viz.  Bonis,  73*6  0,  13*9  H ;  Moschnin,  78*6  C, 
13*8  H ;  Dachauer,  73*8  C,  13*9  H  ^calc.  73*8  C,  13*8  H).    See  OcttlK)  Aloobdl. 

Decomposiiions.^l.  Heptylic  aloonol  distilled  with  chloride  ofsinc,  yields  heptylene, 
CW*  (Bonis  and  Car  let). — 2.  Heated  with  poUuh-linu^  itgites  off  hydrogen,  and 
is  oonyerted  into  oBnanthylic  acid,  CH'K)'  (Paget). — 3.  With  pmUickloride  of  pko^- 
phoruSf  it  yields  chloride  of  heptyl  (Petersen),  and  with  iodine  and  pkoipionu, 
iodide  of  heptyl  (Schorlemmer). — 4.  With  etdpkttrio  acid^  it  forms  heptyl-sulphurie 
acid,  CH'*SO«  (Petersen). 

UMmia,  STBmma  of.  (rH**•■CH>^H.— This  compound  occurs,  together 
with  sereral  ofits  homologuea,  in  reetifled  American  petroleum  (P  e  1  o  u  z  e  and  C  a  ho  u  r  8, 
Oompt  rend.  IvL  605;i^n.  Ch.  Pharm.  czxriL  196.~Schorlemmer,ProcLit.Phi]. 
Soc  Manchester,  March  18,  1868  ;  Chem.  Soc  J.  xri.  216)  and  in  the  light  oil  obtained 
fmm  the  tar  of  cannel-coal  (Schorlemmer,  Chem.  Soc  J.  xr.  423) :  it  is  also  pro- 
duced, togstbM*  with  some  of  its  homolofrues  and  other  hydrocarbons,  by  distiliing 
amylie  alsohol  with  chloride  of  zinc  (A.  Wurts,  CompC  rend.  IvL  1164,  1246;  Ann. 
Ch.  Pham.  eKi:viiL  226.) 

1.  Bectified  American  petroleum  may  be  separated  by  fractional  distillation  into 
the  hydrides  of  twslve  alcohol-radicles,  from  hycbide  of  tetryl,  C^H'*,  boiling  at  a  few 
de^pes  abore  (P,  to  hjrdride  of  pentadeca^l,  C^H"*,  boiling  between  266^  and  260^, 
bendes  othess  of  stiU  higher  boiling  point  (see  Htdudbs).  When  the  liquid  which 
rvmafais  alter  the  sepaiution  of  Uie  hydrides  of  amyl,  boiling  at  30^,  and  hexyl, 
at  68^,  is  submitted  to  further  rectification,  the  temperature  remains  constant  for 
some  time  between  90^  and  96^;  and  if  the  portion  which  passes  oyer  between 
these  temperatures  be  «oUected  apart  and  again  earefiilly  rectified,  the  quantity 
of  material  being  somewhat  considerable,  a  product  m^  be  isolated  which,  afUr  pun- 
ftcation  by  shaking  it  np  with  yery  concentrated  sulphuric  add,  washing  with  dUute 
earbonato  of  sodium,  and  dshfdration  with  chloride  ai  calcium,  boils  between  92®  and 
94^:  this  is  hydride  of  heptyL    (Pelouze  and  Cahours.) 

2.  The  mixture  of  oils  obtained  by  distilling  cannel-coal  at  as  low  a  temperature  as 
possible,  is  left  in  contact  for  seyecil  days  with  an  equal  yolimie  of  sulphuric  acid,  and 
frequently  shaken ;  the  oil  is  then  poured  ofl^  washed  with  water,  and  distilled ;  and  the 
distillate,  coiwtisting  of  benzene  Mad  benzylene  (toluene),  together  with  the  hydrides  of 
Iha  alcohol-radicles,  is  repeattnily  shaken  with  strong  nitric  acid,  to  conyert  the  benzf^ae 
and  benzylene  into  nitro-oompounda,  ontil,  on  adding  water  to  the  liquid,  no  further 
separation  of  these  compounds  occnra.  The  portion  unacted  upon  by  the  nitric  add  is 
then  washed  with  water,  dried  over  potash,  and  repeatedly  rectified  oyer  sodium.  The 
liquid  thus  obtained  yields  by  fractional  distillation,  hydnde  of  amyl,  C*H'^  boihng  at 
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390.^00  Q^  hydride  of  heonrl  at  68«— 70**  hydride  of  hoptyl  at  989—99^,  and 
hydride  of  oetyl  at  119^—120^.    (Sehorlemmer.) 

9.  The  diatulate  obtained  by  heating  amylic  alooiid  with  chloride  of  sine  oonaiats 
of  amylene  and  compounda  polymeric  with  it^  together  with  hydride  of  amyl,  and 
smaUer  qnantitiee  d  tne  hydndee  of  hesyl,  heptyl,  &c,  up  to  C**H".  Heptylene  and 
hydride  of  heptyl  are  contained  in  the  pcotion  of  the  distillate  boiling  between  S6^ 
mod  95^,  and  may  be  separated  hj  converting  the  heptylene  into  a  bromide  and  distil- 
liitfL  the  hydride  of  heptyl  then  passing  over  first    (W  nrtz.) 

Hydride  of  heptyl  is  a  thin  mobile  liquid,  having  a  faint  but  pleasant  odour,  and 
burning  with  a  slightly  smol^  flame.  Spedfic  gravity  0*7122  at  16^ ;  0*709  at  17*5^ 
rSehorlemmer).  Boils  at  98<*->99<'  (Schorlemmer),  at  92^— 94^  (Pelouse  and 
Cahours).  Vapour-densitrr  by  experiment^  8*49 — 3*69  (Schorlemmer),  3*616 
(Pelouse  and  Cahaurs) ;  by  calculation  (2  voL)  *  3*46.  It  gives  by  analysis  83*98 
mod  84*0  percent  carbon,  16*18  and  16*1  hydroffen,  the  formula  requiring  84  C  and  16  H 
(Schorlwnmer)>  By  eklann€,  and  more  <|uickiy  b^  ekloride  of  todine,  it  is  converted 
into  chloride  of  heptyL  Chlorine  passed  into  hydride  of  heptyl  forms,  besides  chloride 
of  heptyl,  small  quantities  of  some  other  chlorine-compounds,  which,  when  distilled 
with  sodium,  yield  a  liquid  boiling  at  95^ — 100^,  and  havinff  the  odour  and  composition 
of  heptylene  (Sehorlemmer,  (£em.  80c.  J.  zv.  424).  With  bromitu,  hydride  of  heptyl 
mppemn  to  yield  bromide  of  heptyl  (p.  144). 

■xmb,  ZOMBB  OV.  C'H>*L— Obtained  by  the  action  of  iodine  and  phos- 
phorus on  heptylie  alcohol  (Sehorlemmer,  Chem.  80c.  J.  zvi  219. — ^Petersen, 
Ann.  Ch»  Phann.  czriii  74)^  It  is  a  colourless  liquid,  heavier  than  water,  quickly 
laming  brown  in  contact  with  the  air,  boiling  at  190^  (Sehorlemmer),  192^ 
(Petersen).  Composition  by  ana]v8is»  87*19  per  cent  G,  6*78  H,  and  66*18 1;  bycalcu- 
Imtion,  37*17  C,  6*64  H,  and  66*19  1  It  is  instantljr  decomposed  by  alcoholic  nitzate  of 
silver,  the  whole  of  the  iodine  being  separated  as  iodide  of  silver.    (Sehorlemmer.) 

marriii,  mul«»MlB»ATa  or.  en^'S-C'H^JI.a— Obtained  by  heating 
chloride  of  heptyl  with  alcoholic  sulphydrate  of  potassium  in  a  sealed  tube.  Colour- 
leea  bqnid,  bouisg  between  166^  and  168^,  having  a  mercaptan-like,  as  well  as  aromatic, 
odour,  andexhibiung  all  the  characteristicreacti<»isof  the  mercaptans.  (Sehorlemmer.) 

jmri'lJUAMnrm  (TH^'N  -  N.mC'H'*.— Obtabed:  1.  By  saturating  iodide 
of  heptyl  with  ammonia,  heating  the  solution  in  the  oil-bath,  and  removing  the  iodine 
with  ooode  of  silver  (Petersen,  loe,  cit,), — 2.  By  heating  chloride  of  hept]rl  with 
ammotuA  in  sealed  tubes  to  120^  for  several  davs.  The  chlorides  of  the  oifierent 
heptyl-amnMminms  are  then  fcomed,  but  chiefly  chloride  of  hept^l-ammonium,  (7H**C1 
Tins  salt  dissolves  easily  in  water  and  alcohol,  and  cxystallises  m  small  scales.  When 
distilled  with  caustic  potash,  it  yields  heptylamine,  as  a  light  oily  liquid,  having  an 
ammooiacal  aromatic  odour,  a  burning  taste,  and  boiling  at  145^ — 147^.  It  is  mode- 
rately soluble  in  water,  and  separates  out  again  on  addition  of  caustic  potash. 
(Sehorlemmer,  Chna,  Soc  J.  xvi  221.) 

ThB  fUamm-mlt,  2C*Hl'NClJ*tCl^  is  slightly  soluble  in  cold  water,  freely  soluble 
in  hot  water,  also  in  alcohol  and  ether,  crystallising  fh>m  these  solutions  m  small 
yellow  scales.  Gives  by  analysis  SO'7  per  cent  platinum  (Sehorlemmer);  30*9 
(Petersen);  calc  30*79. 

mmrmAmwiaawnaOL  C^^H^O  -  C^».CH".0.  Am^lcmant^lieetAer. 
— ^IVoduced  by  the  action  of  heptylate  of  sodium  on  an  equivalent  quantity  of  iodide 
of  amyl,  and  obtained,  thouch  with  some  difficulty,  by  submitting  the  product  to  frac- 
tional distillation,  as  a  colouriess  mobile  liquid,  Iwiling  between  220^  and  221^. 
Specific  gravity  «  0*608  at  20^.  Vapour-density:  obs.  »  6*57;  calc  (2  vols.)  «  6*46. 
Anahrris  77*0  per  cent  C,  and  13*8  H.  Calculated  composition,  77*4  C,  14*0  H,  and 
8-6  (>.    Chills,  Cham.  Soc.  J.  vi  316.) 

JUVn&BWS.  CPW\  OenanihyUnt, — ^This  hydrocarbon,  homologous  and  po- 
lymerie  with  ethylene,  is  contained,  together  with  others  of  the  series  C"H^,  and 
hvdroearbons  bebnrang  to  the  series  OH**'*'*  and  OH*--*,  in  the  li^t  oil  obtained  by 
the  distillation  of  Boghead  coaL  By  treating  this  oil  with  bromine  in  presence  ci 
water,  the  hydroeartons  C"H^  are  converted  into  heavy  oily  bromides,  while  the  other 
hydrocarbons  remain  unaltered  and  may  be  distilled  oft  The  remaining  liquid 
separatee^  on  standing,  into  three  layers,  the  upper  consisting  of  water  with  a  bttle  hy- 
drobronic  add,  the  middle  of  the  organic  bromides,  and  the  lowest  of  aqueous  hydro- 
bromie  add.  The  middle  layer  sepuated  and  distilled  with  alcoholic  potash  and  with 
sodium,  ^elds  the  hydrocarbons  OH^.  The  brominated  oils  obtained  firom  the  fractions 
of  the  original  coal-oil  which  boiled  between  71^and77^  and  between  82^  and  88^  vielded 
respeetivdy  bezylene  boiling  at  71^and  hep^lene  boiling  at  99^ (Ore  vi  1 1  e  W illi  am  8, 
PhU.  Trans.  1867  [3]  787 ;  Ann.  Ch.  Phann.  cviiL  384).  Heptylene  is  likewise 
obtained: — 1.  By  decompoeing  chloride  of  heptylene  with  sodium  at  a  gentle  heat 
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The  sodhim  is  added  "by -small  quantities;  the  liquid  distilled  off  as  soon  as  the  quantity 
of  chloride  of  sodium  becomes  so  great  as  to  interfere  with  the  action ;  and  the  dis- 
tillate is  treated  with  fresh  sodium,  the  last  traces  of  chlorine  being  removed  bj  rt*- 
iNBaitedly  rectifying  the  nroduct  orer  perfectly  bright  sodium  (Limpricht,  Ann.  Ch. 
Pharm.  ciii  80).  The  neptylene  which  Schorlemmer  obtained  by  treating  with  «o- 
dimn  the  chlorinated  compounds  produced,  in  addition  to  chloride  of  heptyl,  by  the 
action  of  chlorine  on  hydride  of  heptyl  (p.  144),  probably  also  resulted  from  the 
decomposition  of  chloride  of  heptylene. — 2.  JBy  distilling  heptylic  alcohol  with  chloride 
of  zinc:  CH'«0  -  HK)  t-  CH'*  (Bouis  and  Carlet).  — 3.  By  heating  chloride  of 
heptyl  with  strong  aqueous  potash  to  180^  in  sealed  tubes  for  several  days 
(Schorlemmer,  p.  144). — Boms,  in  1855,  by  distilling  oBuanthol  with  strong  sol- 
pburic  add,  obtained  a  hydrocarbon  agreeing  in  composition  with  the  empirical 
lurmula  of  the  olefines,  CH^,  and  supposed  by  him  to  be  heptyleni ;  but,  as  it  boiled  at 
60®,  it  was  probably  either  a  lower  member  of  the  series,  or  a  mixture. 

Heptylene  is  a  colourless  mobile  liquid,  having  a  Deculiar  alliaceous  odour ;  soluble  in 
alcohol  Boils  at  95®  (Schorlemmer),  at  99"^  (Gr.  Williams).  Specific  gisrity 
0-718  at  160  (Williams).  Vapour-density,  obs.  «  8-320  (Williams);  calc  (2  vol.) 
«3-38«. 

Calculation.  limprlcht.  SchorlemiMr. 

C»  84  85-71  85-9  85-6  85-66 

W*  U  14-29  141  14-6  14-00 

Cm^       98         10000  lOOO  100-2  99-66 

Bromide  of  B«ptylene.  CH'^Br*. — Obtained  by  direct  combination.  It  is  a  liquid, 
^leavier  than  water,  which  decomposes  on  distillation,  with  blackening  and  evolution  nf 
nydrobromic  s«cid,  but  volatilises  in  presence  of  aqueous  vapour,  condensing  as  a  nt^rly 
colouriees  liquid  having  the  odour  of  bromide  of  ethylene.  G-ives  by  analysis  62*26 
and  62-23  bromine,  the  formula  requiring  62*01.    (Schorlemmer.) 

Chloride  of  Baiitylone.  CH^CR— Produced  by  tiie  action  of  pentachkrideof 
phosphorus  on  anantlioL  When  1  at.  OBuanthol  is  gradually  allowed  to  flow  into  1  at. 
pentachloride  of  phosphorus  contained  in  a  tubulated  retort,  great  heat  is  evcdvBd,  and 
a  portion  of  the  resulting  ozychloride  of  phosphorus  distils  over  immediately.  As  soon 
as  the  decomposition  of  the  pentachloride  is  complete,  the  liquid  is  sulgeeted  to 
fractional  distillation,  the  portion  which  boils  above  150^  being  collected  spftft  as  kmg 
as  it  passes  over  colourless ;  in  the  retort  there  remains  a  small  quantity  of  a  brown 
thick  liquid.  The  last  distillate  is  washed  with  water  to  remove  adhering  ozychloride 
uf  phosphorus;  and  the  oil  which  floats  on  the  water  is  shaken  up  with  add  sulphite  of 
sodium,  to  remove  undecomposed  OBnanthol,  then  dried  with  chloride  of  calcium,  and 
rectified,  the  portion  which  boUs  between  180*^  and  200^  being  collected  apart:  on 
again  rectifying  this  portion,  pure  chloride  of  heptylene  passes  over  at  187^. 

Chloride  of  heptylene  lb  a  transparent^  colourless,  mobile  liquid,  lighter  than  water, 
having  a  not  unpleasant  odour,  like  that  of  ananthol.  It  boils  at  191^  (oozreotedV 
Gives  by  analysis  48*85  per  cent.  C,  800  H,  and  4205  CI ;  the  formula  requiring  49*4  C, 
8-2Hand42-4Cl. 

When  ^ntly  heated  with  sodium,  it  is  decomposed  with  violence,  yielding  heptylene 
and  chloride  of  sodium. — Boiled  for  some  time  with  ethylate  of  sodium  or  alcoholic 
solution  of  potash,  it  is  resolved  into  hydrochloric  add,  chlorheptylene,  C'H"G],  and  « 
hydrocarbon,  probably  C'H** : 

CH»«C1«  -  HCl  -  CTH»«C1;  andC^»H:n«  -  2HC1  -  C'H« 
It  is  not  perceptibly  decomposed  by  acetate  of  silver,  even  when  continuously  boiled 
with  it,  or  heated  to  250®  in  sealed  tubes.    (Limpricht,  Ann.  Ch.  Pharm.  dil  80.) 

cmiorbeptjlene.  CH^Cl — Obtained  bv  the  action  of  alcoholic  potash  or 
ethylate  of  sodium  on  chloride  of  heptylene,  A  very  concentrated  alcoholic  sohttioB 
of  potash  is  distilled  upwards  with  cnloride  of  heptylene  for  a  considerable  time  (the 
decomposition  of  1 5  grammes  of  the  chloride  takes  about  aweek); — orchloride  of  heptylene 
and  ethylate  of  sodium  are  heated  together  in  a  sealed  tube  to  250®.  The  liquid  obtained 
by  dther  process,  is  diluted  with  water,  which  separates  impure  chlorheptylene ;  and  this 
crude  product  is  dried  by  means  of  chloride  of  calcium  and  then  subjected  to 
fractional  distillation.  It  begins  to  boil  at  100®,  the  boiling  point  slowly  rising  to 
150^,  where  it  remains  constant  for  a  while  and  ultimately  rises  to  190®.  The  liquid 
which  passes  over  below  100®  is  a  hydrocarbon  (see  below) ;  that  whidi  distils  at  152® 
is  chlorheptylene,  and  above  that  temperature  the  product  consists  chiefiy  of  undecom- 
posed chloride  of  heptylene.  The  complete  separation  of  these  liquids  can  only  be 
effected  by  repeated  rectification. 

Chlorheptylene  is  a  liquid  resembling  chloride  of  heptylene,  having  a  similar  odour, 
and  boiling  at  155^  (corrected).  It  gives  by  analysis  63-5  per  ctot  C,  9*7  H,  and 
26-8  CI,  the  formula  requiring  63-2  C,  9*7  H  and  27*1  CL 
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Sodium  lemaiiis  unaltered  in  chlorheptylene  at  ordioaiy  temperatorea ;  bat  on  haatinft 
the  liquid,  a  Tiolent  action  suddenly  taJces  place^  chloride  of  sodium  being  fonned^ 
together  with  a  hydrocarbon,  probably  C^". — ^The  same  hydrocarbon  appears  to  be 
produced  by  the  action  of  alcoholic  potash  on  chloride  or  heptjlene  (see  above). 
(Limpricht,  Ann.  Ch.  Pharm.  ciL  82.) 

BjdHodate  of  Beptjtone.  C'H'^I  -  C'H'MIL— Obtained]^ heating heptylene 
with  hydriodic  acid  in  sealed  tubes  to  lOO^'  for  twelve  hours.  It  closely  resemblM 
iodide  of  heptyl,  but  boils  at  about  17(r,  or  20^  lower  than  the  latter.  It  soon  turns 
brown  when  exposed  to  the  air.  Precipitated  by  alcoholic  nitrate  of  silver,  it  yielded 
a  quantity  of  iodide  of  silver  corresponain^  to  65*73  per  cent  iodine  (calc  56*19) ;  and 
the  filtrate,  on  beinff  mixed  with  water,  yielded  a  small  quantity  of  a  fraflrant  liquid, 
which  oon^sted T^(3ly  or  in  a  great  paitof  nitrate  of  heptylene,  C^H>*jNO*fi^  as  on 
adding  an  alcoholic  solution  of  potash,  and  heating  gently,  an  abundant  precipitate  of 
nitrate  of  potassium  was  formed.    ^Schorlemmer,  Chem.  Qoe.  J.  xvL  220.) 

PTT&-BTBT&ZO    BTBSR,    C^WH)  » (TH^.G^^O.     Ethyt-ananthylio 


ether.  (Wills,  Chem.  Soc.  Qn.  J.  vi.  812 ;<^  Petersen,  Ann.  Gh. Pharm.  cxviiL  751— 

Prepared  by  the  mutual  action  of  iodide  of  etbyl  andheptylate  of  sodium  in  equivalent 

proportions : 

C*H»»NaO  +  0*H»I  -  Nal  +  C'H>».C«H».0. 

It  is  a  colourless  mobile  liquid,  havins  a  fiunt  odour,  and  burning  with  a  bright  flame 

insoluble  in  water,  easily  soluble  in  alcohol  and  ether.    Boils  at  177^  (Wills). 

Specific  gravity  «  0*791  at  Id^'.    Vapour-density,  obs.  »  5*095  (Wills);  calc  (2  vd.) 

-  4*99. 

Calculmtion.  Willi.  PeCersm. 

C»  108  75*00  .  75-16  74*44 

H»  20  13-88  14*44  14*40 

O  16  11*12  10*40  1116 

C»H*^        144  10000  100*00  10000 

Syn.  with  (&amthoi..  (g.  v.) 

ft.  C»H"0  -  Cff'.CH'.O.  MethfUctrum. 
thylic  ether.  (Wills,  Chem.  Soc.  J.  vi.  814.)— Obtained  hj  the  action  of  iodide  of 
methyl  on  heptylate  of  sodium.  It  is  a  thin  mobile  liquid,  having  a  strong  odour, 
insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether,  filing  pomt  between  160*5^ 
and  161^.  Specific  gravity  »  0*830  at  16*5^.  Vapour-density  (obs.)  about  4*2;  calc 
(2  voL)  *  4*5.  A  specimen  not  quite  pure  gave  by  analysis  78*15  per  cent.  C,  and 
14*09  H,  the  formula  requiring  73*85  C  and  13*85  H. 


•«  C^»» 


(TH'-SO*-  (OTnO^.    (Petefsen,  Ann. 
H  J 

Ch.  Pharm.  cxviii.  72.— Bonis  and  Carlet)  ibid,  exziv.  254.)— When  2  pts.  of  heptylic 
alcohol  are  cautiously  mixed  with  1  pt  sulphuric  acid,  the  mixture  being  kept  cool 
so  as  to  prevent  the  rormation  of  sul^urous  acid,  die  liquid  ultimately  separates  into 
two  layers,  the  upper  of  which  contains  heptyl-sulphuric  add.  On  neutralising  it  with 
carbonate,  and  at  last  veiy  careftdly  with  hydnite  of  barium,  and  concentrating  at  a 
gentle  heaty  heptyl-sulphate  of  barium  separates  in  small,  white,  flexible,  and  generally 
ecat^  crystals,  naving  a  pearly  lustre  ana  bitter  taste,  very  soluble  in  water,  and  not 
precipitated  from  the  aqueous  solution  by  alcohol  or  ether.  The  solution  decomposes 
by  evaporation  unless  the  temperature  be  kept  very  moderate.  The  dry  salt  is  per- 
manent in  the  air,  but,  according  to  Petersen,  begins  to  decompose  at  80^,  turning  first 
red,  then  black,  and  emitting  a  very  strong  odour.  According  to  Bonis  and  Carlet,  on 
the  other  hand,  it  may  be  heated  to  100^  without  decomposition.  According  to  the  mean 
results  of  Petersen's  analyses,  the  salt  dried  over  oil  of  vitriol  contains  30*97  per  cent.  C, 
8-19  H,  25*10  Ba,  and  11-78  S,  agreeing  nearly  with  the  formuk  2C^H*^S0*.H»0, 
which  requires  30  88  C,  5*87  H,  25*14  3^  11*74  S,  and  26*42  0. 

Syn.  with  Sulphate  of  lodoquinine.    (See  QvmiNi.) 
An  iron  spinel,  FeO.Al*0«  =  tjJt\J(  O*.   Specific  gravity  8*91— 

A  very  rare  mineral,  consisting  of  anhydrous  phosphate  of  alumi- 
nium, and  phosphate  with  fluoride  of  calcium ;  not  ^t  analysed  quantitaliyely.  The 
crystals  are  trimeiric  Hardness  ^  6.  Specific  gravity  »  2*986.  It  resembles  anattto 
in  colour  and  lustre,  but  is  distinsnished  by  its  lower  specific  gjcaritj.  Solunle  in 
hydrochloric  add.  Melts  before  the  blowpipe  to  a  white  bead,  with  slight  intumescence. 
(Dana,  ii  410.) 

*  1*he  conifHiitiid  ohtoined  by  WlHi  h  described  Mt  p.  54t,  toI.  11.  w  octjrt.Hlijrtic  ether  j  but  Um 
btUance  of  evidence  U  certAinlj  in  favour  of  the  suppotitioo  th«t  It  coDtaint  lM|»tjrl,  not  octjri. 


8-95.    (See  Spikul.) 
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SeeKHODoxiTB. 

A  mineral  from  Albarradon  in  Mexico,  said  by  Herrera  (J.  pc 
Ohem.  viii.  614)  to  contain  86*68  per  cent  tellurinm,  12*32  oxide  of  nickel,  and  81*86 
carbonic  acid.  Aooording  to  Ge n th,  however  (ibid.  Ixri.  475),  it  is  a  cnpriferoos  mnc- 
spar,  containing  9874  per  cent.  2:nG0',  8*42  CaCO*,  1*60  Mn(X)«,  l'48  OaCO*,  and 
0-29  MgCO«. 

MMRBCMMMJPTMm  A  mineral  from  Aci  reale  and  Aci  Castello  in  Sicily,  haying 
the  same  general  formula  as  lime-harmotpme  (p.  14),  yiz.  M*O.AI^O'.4SiO' +  6HH>,  or 
M*(ar)'Si*0*'.5H^0,  agreeing  also  in  general  formula  with  gmelinite  (iL  924)  excepting 
in  ihe  amount  of  water,  and  crystallisinjg,  like  the  latter,  in  the  hexagonal  system. 

Analyses  1  and  2  are  of  the  mineral  from  Aci  reale,  by  Damour  (iUin.  Ch.  Phys.  [3] 
xiT.  97) ;  3,  4, from  Aci  Castello, by t.  Waltershausen  {Vulkani$ehe  Gmtdne^  p.  260) : 


8I0«        Al«0»       J^G^       CaO 

1.  47-89      20*90       .    .       0*38 

2.  47*46      2018      .    .       0*26 
8.    46*89      18-20      114      4*84 
4.    47*03      20*21       M4      4-66 

MgO       Ka<0       KH>         H«0. 

.    .       8-88      4-39      17-84-99-28 
.    .       9*36      417      17*66 -99-06 
0*36      6*72      3*72      17-86-97-72 
0-49      4*82      2-03      17*86-98-24 

lese  analyses  lead  to  the  formulsB: 

Damour. 

t.  WaUershaaseiu 
4P«n  \ 

f^?Q^|aO«.(Al«0«.8SiO«)  +  6aq. 

SOau 

Na»      SiO«.(AlH)«.8SiO»)  +  6  aq. 
|KH)  j 

According  to  ▼.  Waltershausen,  herschelite  does  not  occur  at  Aci  reale. 


IFBXIBZW.  A  substance  disoovered  hj  Lebreton  (J.  Pharm.  xiv.  377),  asd 
contained  in  many  fruits  of  the  genus  Citrut,  It  is  most  readily  prepared  frmn  unripe 
Seville  oranges,  by  removing  the  green  rind  and  the  inner  part  of  the  fruit,  tre«fciiig 
the  white  sponar  inner  coatinp;  with  water  at  a  temperature  of  26  to  80^ ;  oonoen- 
tradng  the  t^uKL,  neutralising  it  with  lime-water,  and  evaporating  to  a  syrup ;  facating 
the  residue  with  alcohol  of  40  per  cent ;  then  filtering;  mstilling  off  tlw  aloobcA,  and 
aeitatinff  the  bitter  granular  residue  with  20  times  its  weight  of  distilled  vinegar, 
^e  liquid  on  standing  deposits  hespeiidin  in  warty  mnnsos,  wMdi  may  be  wished  with 
water  and  recrystallised  from  boilii^  alcohol 

He^)eridin  thus  purified  forms  white,  sOky  lamiMB^  inodorous,  and  having  a  "bilter 
taste;  sparingly  soluble  in  cold  alcohol,  very  soluble  in  boiling  alcohol,  insoluhle  in 
ether ;  dissolves  in  60  pts.  of  boiling  water,  and  separates  again  on  eooUng.  The 
solutions  are  neutral  to  vegetable  eotours.  It  is  soluble  in  wann  ooneentrated  midie 
acid,  insoluble  in  oils. 

HiBsperidin  is  decomposed  by  prolonged  boilins  with  water,  and  then  floats  on  the 
sur&ce  like  melted  wax.  It  is  readily  dissolved  by  caustic  alkalis.  Strong  svlpkmit 
aeid  dissolves  it  with  oranae-colour,  gradually  changing  to  red.  Hot  mirie  add  con- 
verts  it  into  oxalic  add  and  a  bitter  substance.  The  uooholic  solution  is  not  precipi- 
tated by  aeetate  of  lead,  but  forms  a  brown  precipitate  inth/erric  atdphaU, 

Wiedemann  has  described,  under  the  name  heaperidm,  a  substance  obtained  tram 
unripe  oranges,  differing  from  that  above  described  in  some  respects,  especially  in  not 
being  solubk  in  alcohoL 

KWrnrnVTM,    Telluric  silver.    (See  Tbllubitjic.) 

MMmBOMTTMB    Syn.  with  Essomra  (ii  607). 

BBTBFOSITB.    See  HsTBBOsm. 

HBTBBOOIAni  or  Mareeline,  A  silicate  of  manganese  occurring  at  St  Mnod 
in  Piedmont,  in  oblique  riiombie  prisms  of  128^  16',  and  containing  10*76  per  cent 
SiO*,  86*87  Mn«0»,  1-38  FeH)«,  0*61  OaO,  and  0-44  KK)«100m  (Evreinoff, 
Fogg.  Ann.  xlix.  204.) 

HBTIWOM  ■■  ITMi  An  altered  form  of  idoc^ase  from  Slatoust  in  Siberia,  oon- 
taininff,  according  to  v.  Hauer,  48*29  SiO«;  231 7  A1H)»;  6-10  Fe«0»;  28-78  C^O,  and 
3*06  MjgO.    Colour  light  green. 

BBTSBOMmunnul.  The  property,  sometimes  observed  in  compounds,  of 
crystallising,  in  different  forms,  though  containing  equal  numbers  of  atoms  similariy 

grouped.    Such  is  the  case  with  sulphate  of  mc,  ^^  1 0*  +  7HH),  and/nroMt  sulphaU, 
p^"  [O'-i-  7HK) ;  the  former  crystallising  in  the  trimetricthe  latter  in  the  monodinic 
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^aieni.    Th*  eaiue  of  this  differeoce  in  thA  esamplee  just  cited  10  pnhMy  that  the 
eleiDfiQto'— iron  luod  nnc — are  not  ieomorphuut. 

BaVBSOMOBPBITB.  Feather  ore.— A  snlphantimonite  of  lea4,  Sb'S',2PI)8, 
which  occurs  in  capillary  forms  reseimbling  a  cobweb ;  also  ma^^ive.  Stifle  gmriry 
5*67  to  h'9.  Hardness  1  to  3.  Lustre  dull  metaUic  Colour  lead-grer  to  steel-givy, 
s<iinetimeH  iridescent.  It  is  found  at  Wolf  beig  in  the  Eastern  Hartz ;  also  at  Andre^is- 
berg  and  Clausthal ;  at  Freiberg  and  Sehemnitz ;  in  the  Anhalt  at  Pfaflenheig  and 
Meisebcrg;  and  in  Tuscany,  near  Bottino.    (Dana,  ii.  7^.) 

XBTSR08STB  or  Betep^iU,  A  hvdrated  phosphate  of  iron  and  manganese, 
found  near  Iimogai»  in  dark  brown  or  black  masses,  containing,  according  to  Dufr^oy's 
analysis,  4177  p. c  P*0*,  34-89  FeO.  17-67  MnO,  4'4a H»0,  and  022  SiO« («98-85>. 
whence  Ranmelsberg  (Miuerakk^nie^  p.  331)  deduces  the  focmuU  2^^M0.2PO*) or 

The  same  name  is  applied  to  an  altered  triphyllin  from  Chanteloub,  Limoges,  of 
brownish  riolet  colour,  specific  gravity  3-41,  and  containing  32' 18  p.  c  PK)*,  31-46 
Fe'O*.  80-01  Mn«0«,  and  6-36  water  (  - 100),  whence  the  formula  5l4K)«.aP«0»  +  6  aq. 
(lia  mm  el  8  berg,  li)c.  cit.) 

MMWlaJLM  !D1TB»    See  Stilbitb. 

Mimvmmmm  The  least  Tolatile  part  of  the  productB  of  the  dry  distiUation  ol 
caoutchouc  and  gutta  perchaL  It  is  an  oily  hydrocarbon,  of  an  amber-yellow  colour, 
acrid  taste,  and  specific  gravity  0*921  at  21^.  iBoils  at  316^.  Mixes  in  all  proportions 
with  alcohol,  ether,  and  oils,  both  fat  and  volatile.  It  rapidly  absorbs  duoruie,  and 
acquires  thereby  the  eonsistence  of  wax.  It  is  partly  resinised  by  snlphvrie  aeid,  and 
then  conyerted  into  an  oil  which  boils  at  228^,  ana  is  not  attacked  by  strong  acida 
(Bouchardat,  Ann.  Ch.  Pharm.  xxriL  30).  Aceonfing  to  Ghrerille  Williams,  it  is 
probably  polymeric  with  iso^ne  and  caoutdiift  (ii.^  961). 

MWMJLCtnOMMnoM*  A  product  oC  ii»  action  of  chlorine  on  hydrate  oi 
phenyl    (See  Phsmtl.) 

BXaCACSO&BXO  AOX9.  C*'H**0^— An  add  polymeiio  with  aorolein,  and  pro- 
duced by  dropping  that  liquid  into  an  alcoholic  solution  of  potash.  The  solution 
becomes  heated  to  the  boiling  point;  and  on  addition  of  an  acid,  yields  hezacroleio 
acid  as  a  yeUow,  amorphous,  feebly  add  substance,  soluble  in  alkalis,  alcohol  and 
ether;  insoluble  in  water,  eadly  nsible,  hut  not  yolatile  without  decomposition. 
Most  of  its  salts  are  insoluble  in  water.    (Clans,  Ann.  Ch.  Phacm.  suppL  ii  117.) 

aSXAMSTAFBOBVBOaZO  JLC»..    3ee  Pbosphobio  msok 

mcwf 

MMKAMWrsmamMMamm.    C*H>*N^»N-^N(CB*)'.~ATdlati])ecnftaQuM 

{N(GH«)» 
hwe  produced  by  the  action  of  aBunonia  on  dioiymethylene  (B«ttlerow,  Ann.  Ch 
Pharm.  cxt.  822).    See  HBTHTunuMDras. 
BaxSTXYXSVlO  Al^mmosb^    See  ^Bnjon,  JtnatkTU  ov  (ii  6T%). 
SaJaHanrBTX-BTKVXiZWa.B9BO«rB<»nuiI.  SeePHOsraoBva-BASBa 
■BBTA.    Capropi.       C>*B*^  •*  ^||.— The  sixth  alM^ol-radifil*  of  th»  series 
(^£[tti'i>i^    It  is  produced  by  the  electrolysis  of  oenanthylic  add: 
C^»«0»    -    C^"  +  H  +   C0». 

To  prepare  it,  a  solution  of  cuMBthylate  of  potassium  id  dbconpesed  by  a  yoHaie 
current,  rad  the  oil  which  separates  is  dried  oyer  chloride  of  ealdum,  and  theii  distilled 
with  alcoholic  potash,  whidi  retains  onanthylic  add,  while  the  hexyl  passes  oyer  with 
the  yapours  of  alcohol,  and  may  be  purified  by  washing  with  water  and  veetifieataon 
rSrasier  and  Gossleth,  Chen.  Sbc.  J.  iii  210).  Wnrts  (Ann.  Ch.  Phys.  [3]  xliy. 
275),  hjr  electrolysine  a  mixture  of  100  pts.  cenanthylic  and  120*DtB.  yal^c  add,  neutral- 
ising with  potash  and  cooling  to  0^,  obtained  an  oil  which,  after  dedecatibn  by  chloride  of 
calcium,  yielded  by  fractional  distiflation,  tetryl  (C^H*),  boiling  between  100^  and  140^, 
tetrvl-hexyl  (C*mC«H"),  between  140<'  and  180<>,  and  a  pettion  boiling  between 
180*  and  220®,  consisting  diiefy  of  hexyi 

Hexyl  is  a  colourless  oily  liquid,  of  spedfie  grayity  0-7^4  at  0®.  It  boils  at  2029^ 
gelding  a  yapour  whose  density  is  6-983  (Wnrtz);  cale:  (3*  yol.)  »  6*8979.  It  is 
insoluble  in  water,  but  soluble  in  alcohol  and  ether. 

It  is  not  attacked  by  sulphuric  add,  and  may  be  distilled  witiiont  alteration  with 
modoratdy  concentrated  nitric  add ;  but  by  repeated  distillation  with  a  mixtnro  of 
sulphuric  and  nitric  acids,  it  is  conreited  into  an  add,  probably  caproic  add;    It  i» 
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tadced  by  bromine,  eren  in  lonBhine.  Chlorine  attaeks  it  itronglj,  ffrvn  ia 
yligfat ;  hydrochloric  add  beins  evolTed,  and  a  riadd  aabetance  fbnnad,  wlddi 
rdx^chlone  add  when  diatillecC  and  learea  a  reddae  of  chaicoaL  (Braiier 
ieth.) 

iponnda  of  hexyl  were  hardly  known  before  the  year  1861,  the  alcohol 
m  barely  identified  by  Faget,  in  fusel-oil,  in  1854  (Compt.  rend.  xzzriL 
present,  the  known  sonroes  of  hez^l-oomponnds  are :  H  )  ftisel-oil,  oontaining 
;  (2)  mannite  andmelampyrin,  which,  when  reduced  with  hvdriodic  add,  giT« 
lezyl ;  and  (3)  petroleum  and  coal-tar  oil,  which  contain  hydride  of  hez^ 
lie  hezyl-eomponnds  obtained  from  (1)  and  (8)  are  identical,  is  still  an  open 
bat,  withoat  doubt,  those  derived  from  (2)  are  essentially  diflbrent  fmn 
compounds  dther  of  fosel-oil  or  of  petroleum.  The  hezyl-compounds  of 
ud  of  petroleum  have  been  diwtJnguiHhed  by  the  prefix  AMa,  those  of 
•  mdampyrin  by  Beta,  The  former  compounds,  so  fiur  as  toey  hate  been 
led,  present  the  Ter^  closest  analogies  to  those  of  the  eth^  series ;  the  latter 
oany  ways  from  this  standard:  thus»  they  show  a  great  tendency  to  crolre 
e  during  reactions ;  and  their  alcohol  has  too  low  a  boiling  point,  and  when 
ith  dilute  chromic  add,  does  not  yield  caprdc  add,  but  breaks  -ag  into  car- 
water,  butyric  and  acetic  adds. 

yl-compounds  deriye  peculiar  interest  from  their  haring  the  same  earbon- 
m  as  tne  sugars,  and  from  their  standing  in  dose  relmon  thereto,  as  the 
r  hydriodic  add  with  mannite  proves,  mannite  bein^  as  has  long  been 
roduct  of  the  reduction  of  glucose  (it  864). 

lot  has  already  remarked  upon  the  peculiar  readiness  to  react  shown  by 
It  is  not  unworthy  of  remark,  that  hexylene,  which  is  paratritylene,  likewise 
:traordinai7  eneigy. 

as  of  HosjL — aHexyl'aeetate  is  prepared  by  the  action  of  a  iodide  of 
1  acetate  of  silver.  It  is  a  colourless  liquid,  lighter  than  water,  and  bofling 
46^  C.  By  the  action  of  caustic  potash,  it  lus  been  transformed  into  an 
iling  at  about  160^.  (Cahours  and  Pelouse,  Compt  rend.  liv.  1246.) 
l-aoetate  is  prepared  by  distilling  jB  hezyl-sulphurio  add  with  a  gres*. 
ladal  acetic  add : — 

'<^^|80.    .    C^jO         -        =J80.     .  ,^^,\0. 

>il  liffhter  than  water,  and  veiy  insoluble  in  water,  havmg  a  peculiar  smell, 
usual  smell  of  an  acetate  of  an  aloohol-radide.  Boiling  point  156^.  It 
lout  decomposition.  Digestion  at  100^,  with  an  alcoholic  solution  of  potash, 
it  into  jB  hexvlic  alcohcu.  Unlike  jB  C*H'*I,  it  yields  no  hexylene  on  diges- 
looholic  solution  of  potash.  Sp.  gr.  at  0<* »  8778  :  at  50^  » '8310 ;  therefore 
Doeffident  for  60® » -0563.  It  forms  a  double  compound  with  Na^C^"0 
late  of  sodium — the  body  produced  by  treating  jB  bexylic  alcohol  with  sodium  ), 
lie  compound  is  decomposed  by  water,  giving  fi  hexylic  alcohol 
Kloobola. —  a  Hexyl-aleohol  (caproic  alcohol^  a  C*H'K),  was  found  by 
fusel-oil  (1864),  but  not  purified  by  him.  Cahours  and  Pelouse  ol>> 
rom  hydride  of  hexyl,  by  converting  that  compound  into  a  iodide  of  hexyl, 
ning  a  acetate  of  hexyl ;  thence,  by  means  of  caustic  potash,  the  alcohoL 
Ualeohd  thus  prepared  boils  at  about  160^,  and  smells  like  amyUe  alcohoL 
ad  liv.  1245,) 

;  alcohol  yields  caproic  add  by  oxidation.  (Faeet) 
alcohol,  jB  CH**0. — Prepared  by  digesting  JS  iooide  of  hexyl  with  oxide  of 
water :  the  jB  alcohol  is  then  formed,  together  with  fi  hexylic  ether,  and 
.  Or  better,  by  shaking  up  jB  hexylene  with  sulphuric  aod  (previously 
h  one-third  its  volume  of  waterX  by  which  means  jB  hexyl-sulphuric  add  is 
nd  this,  distilled  with  a  large  excess  of  water,  yidds  0  he^l-aloohoL  It  is 
aid,  having  a  refr^bing,  pleasant  smell,  very  unlike  that  of  am^lic  alcohol; 
7^,  under  ban  pressure  of  765*6  millimetzes.  Specific  gravity  at  0^** 
Ifi^'i-  0*8209 ;  at  99^  i-  0*7482.  It  therefore  expands  somewhat  rspidlj. 
ited  iidphurie  acid  converts  it  into  para-hezylene,  even  at  0°,  and  does  not 
Bxyl-sui^huric  add,  even  after  standing  for  some  time.  More  dilute  add 
bout  87  per  cent  SO^H*)  forms  jB  hejr^-sulphuric  add,  which  is  e^ble  of 
ts.  Jjcid  chronuUe  of  potassium  and  dilute  sulphuric  aad  convert  it  into  an 
rhich  has  no  tendency  to  take  up  oxygen  from  the  air,  and  when  frirther 
th  the  same  oxidising  agent  yidda,  not  caproic  acid,  but  carbonic  add,  water, 
acetic  adds.  The  fi  variety  of  the  alcohol  has  not  been  converted  into  the 
on  the  contrary,  there  is  every  reason  to  believe  that  the  two  bodies  ars 
fferent    (Wanklyn  and  Erlenmeyer,  Chem.  Soc.  J.  xvi.  221.) 
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SMEjlHOd^hjdes.— a  Hanfi-aldeiyde,  a  C*H>H).— Unknown :  it  migbt  perhapA  be 
oY>tained  b^  oxidation  from  the  a  alcohol  of  ftuel-oil,  or  of  that  deriTed  from  the 
hezyUbydnde  found  in  petroleum. 

fi  Hex y I- aldehyde,  jB  G*H'K).—Obtuned  by  oxidising  the  ocneeponding  aIooh<^ 
with  acid  duomate  of  potassium  and  dilute  sulphuric  add.  It  is  a  colouiiess  limpid 
liquid  of  fragrant,  penetrating  odour;  boils  at  127^  (bar.  »  761*2  millimetres). 
Specific  graTity  at  O^'  •«  0*8298,  at  50<* «  0*7846 :  ooeffident  of  expansion  between  0®  and 
60^ a 0*0676.  It  forms  a  solid  compound  with  add  sulphite  of  sodium;  does  not 
reduce  ammonio-nitrate  of  silver ;  does  not  take  up  o^^gen  from  the  air.  100  parts 
of  water  dissolye  about  one  part  of  /S  hexjl-aldehyde.  vHien  treated  with  add  ehro- 
mate  of  potassium  and  dilute  sulphuric  add,  it  yields  no  caproic  add,  but  butyric, 
acetic^  and  carbonic  adds,  and  water  (Wanklyn  and  Erlenmeyer,  Chem.  Soc 
J.  xri.  807).  A  consideration  of  these  reactions  of  fi  hexylic  aldehyde  leads  to  the 
oondusion  that  it  is  an  acetone;  for  whilst  the  aldehydes  take  up  oxygen  from  the 
air  and  yidd  by  oxidation  the  corresponding  add,  the  acetones  do  not  take  up  oxygen 
from  the  air,  and  yidd  lower  adds  ^when  oxidation  is  brought  about). 

This  Tiew  of  the  case  becomes  mcreasin^y  probable  ^en  the  histoiy  of  aoetie 
acetone,  latdy  brought  to  light  by  lieben,  is  conddered.  Acetone  is  reduced  by  hy- 
drogen to  tritylie  alcohol ;  but  the  tritylic  alcohol  thus  formed  yields  by  oxidatioii,  not 
propionic  aldehyde,  but  common  acetone. 

fi  Hexyl-aldehyde  will  probably  turn  out  to  be  either  methyl-Talayl,  ontoc'^ 
•thyl-butyryl,  Qt^tQ  | . 

CbtoHdas  of  WmMjl,— a  Hexyl-ekioride^  aCH^'Cl,  is  obtained  by  Peloose 
and  Cahours,  by  the  action  of  chlorine  upon  the  hydride  of  hagrl  existing  in  AmerioiD 
petroleum.  In  addition  to  the  a  chloride  of  hexrl,  further  substitution-products  are 
obtained,  a  Chloride  of  hexyl  decomposes  an  alcoholic  solution  of  monosulpkide  of 
potasshm,  giving  a  sulphide  of  hexyl,  «  (C'H'*)^  boiling  at  280^.  With  sulp^^drate 
of  potassium,  it  gires  hexyl-mercaptan :  boiling  point  146^  to  148^.  With  cytnUds  of 
potassium^  it  seems  to  give  a  eyamde  of  hexyL    (Gompt.  rend.  x.  1241,  et  seq.) 

jS  Hexyhehloride  is  obtained  by  saturating  the  corresponding  alcohol  with  dry 
hydrochloric  add,  and  heating  in  the  water-bath  under  pressure.  It  is  an  oily 
liquid,  lighter  than  water,  boiling  at  about  120^,  and  yielding  hexylene  when  digested 
at  100°  with  alcoholic  solution  of  potash. 

Bydildea  of  Besyl* — a  Hexyl -hydride,  a  OH'*,  was  found  by  Chrerille 
Williams  in  the  products  of  the  distillation  of  Boghead  coal,  and  called  by  him 
(originally)  propyl  (with  which  it  is  isomeric) ;  in  1862  he  came  to  the  condudon 
that  his  propyl  was  hexyl-hydride  (Chem.  Soa  J.  xr.  130).  Pdouze  and  Cahours 
found  the  same  substance  in  American  petroleum  (Compt  rend.  liv.  1241),  and 
obtained  a  chlorine  8ub8titution-|»t>duct  from  it,  which  reacted  as  chloride  of  hexyl 
should  do.  From  the  chloride  was  indirectly  obtained  an  alcohol  (p.  152)  boiling  at  about 
150°,  and  like  amyl-aloohol  in  odour.  Schorlemmer  obtained  the  hydride  also  from 
the  products  of  diKollation  of  Cannel  coaL  Its  boiling  point  is  68°.  Density  of  the 
liquid  -  0*6745  at  18<*  (Williams) ;  0*669  at  16°  (Pelouze  and  Cahours);  0*678 
at  15*6°  (Schorlemmer).  The  vapour-density  corresponds  dosdy  with  the  formula 
CH'^  It  is  a  colourless  mobile  liqmd,  having  a  fragrant  odour.  Chemically,  like  aD 
bodies  of  its  class,  it  is  very  inactive.  Ndther  splphuric  acid  nor  nitric  add  attacks 
it ;  chlorine  and  bromine  only  with  difficulty.  In  the  arts,  a  mixture  of  a  hydride  of 
hexyl  with  other  hydrides  goes  by  the  name  of  turpentine  substitute. 

jB  HexyUhydride,  0  CH}*,  is  obtained  indirectly  from  mannite.  It  may  be  pre- 
pared by  diflestin^  sine  with  0  iodide  of  hexyl  and  water  or  alcohol ;  or  by  exposing 
mereuiy  and  the  iodide  to  the  action  of  sunlight   In  the  latter  case  the  reactioii  is: 

Hhg  +  2C^»«I    -   HhgP  +  C^"  +  CnS}*. 

In  the  former  case  hexylene  also  accompanies  the  hydride.  In  order  to  remove  the 
hexylene,  it  is  well  to  shake  up  with  sulphuric  add,  which  enters  into  combination 
with  the  hexjrlene. 

In  smell,  boilinff  point,  and  outward  appearance,  the  fi  hydride  resembles  the  « 
hydride  veir  doseiy.  In  specific  gravity,  however,  it  appears  to  differ  fit>m  the  a 
compound,  being  lighter.  At  16*5°  its  specific  gravity  does  not  exceed  0*6645.  Its 
derivatives  are  prol^bly  quite  distinct  from  those  of  the  a  hydride. 

lodMes  of  BosyL — aHexyl-iodide,  aC*H"I,  is  obtained  by  Pelouze  and 
Cahours  from  hydride  of  hexyl  existing  in  American  petroleum.  It  boils  at  1 72°  to  176^ 
(being  of  higher  boiling  point  than  the  /S  iodide^  and  smells  like  iodide  of  amyl. 
It  is  acted  upon  by  light.    It  reacts  with  a  variety  of  8ahs»  forming  ethers.    The 
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alcohol  which  is  indirectl^jr  obtained  from  itboila  at  150^,  and  is  believed  br  Pekmze 
and  Cahonra  to  be  identical  with  Faget'a  alcohol  extracted  from  frtsel-oil  (Compt. 
rend.  liv.  1241,  et,  seq,)  Wnrtz  has  also  obtained  a  heigrl-iodide  b^  acting  with 
hydriodic  add  upon  a  Ttriety  of  heiylene  which  seems  to  be  distinct  frx>m  the 
jB  hezylene  of  mannite. 

jB  Hexyl-iodide  is  pmared  by  boiHng  mannite  with  a  great  excess  of  the  strongest 
aqneous  solution  of  hydxiadic  acid  in  a  stream  of  carbonic  anhydride  (24  grms.  mannite 
to  800  cab.  cent  of  acid,  boiling  at  126^0.) ;  phosphoros  may  be  added  to  the  boiling 
liqnid  with  great  adyantage.  The  iodide  of  hexyl  aj^pears  in  the  form  of  an  oily 
distillate,  which  should  be  freed  from  iodine  and  punned  by  distilline  it  in  contact 
with  water.  When  the  operation  is  properly  p|eiformed,  yery  nearly  the  theoretical 
quantity  of  perfectly  pure  iodide  of  hexyl  u  obtained.  The  change  which  takes  place 
is  represented  by : 

C«H»(HO)«  +   11  HI     -    C^«»I  +   6H«0     +     V\ 
Mftnnite.  lod.  hexjl. 

Melamj^yrin  (ii  849)  im  be  substituted  for  mannite  in  the  abort  pcoessi;  bol 
the  yidd  ik  not  so  good.  TtiB  jB  iodide  may  also  be  prepared  by  digesting  /I  hezylene 
with  hydriodic  acid. 

fi  Iodide  of  hex^d  ii  a  colourless  liquid,  not  to  be  distinguished  by  the  smell  tnm 
iodide  of  amvL  Specific  gravity  at  0^  ->  1*4447;  at  fiO^'  —  1*8812 ;  its  oo-effidest 
of  expansion  between  CP  and  60^  is  0*0460.  The  boiling  point  at  752  millimetres 
a  167 '6^  C.  It  is  only  very  slightly  decomposed  by  distillation,  and  is,  on  the  whole, 
a  Teiy  stable  compound.  * 

The  almost  invariable  product  of  the  reaction  of  this  iodide  is  hexrlene.  With 
alcoholic  soWion  of  potash,  it  has  given  very  nearly  the  theoretical  quantity  of 
hexylene : 

^  C«H»"I  +  KHO    -  fi  (>H»  +  HK)  ^  KL 

With  omde  of  tiher  and  water,  aeetate  of  lead,  mireury,  Bodhtm,  ottttlate  of  tUttr, 
tine  and  watery  or  rine  and  aioohol,  and  finally,  iriien  heated  to  190^  with  waUr 
alone,  it  invariably  yields  considerable  quantities  of  hexylene,  other  products  being 
formed  at  the  same  time,  according  to  the  reagent  employed. 

Bromine  acts  with  great  violence^  rephicing  the  equivalent  of  iodine  in  ^  iodide  <A 
hexyL 

/9  Bezyl-oztde.  jS  q|S„  |  0  is  formed,  together  with  the  olefine  and  alcohol,  when 

moist  oxide  of  silver  acts  upon  the  ooneeponding  iodide : 

Ag«0  +  2iSCW»I    -   2AgI  +  iBQ^wjO. 

It  is  a  thick,  slightly  y^ow  liquid,  not  misdble  witii  water,  and  of  a  flunt  pene- 
trating smelL  Boils  constantly  between  203*iP  and  208*5^  with  the  barometer  at 
761  nmlimetres. 

■esylHRilpbiirto  wcAAm, — a  Hexyl^sulphurie   acid,  a       ^^ 80*,  is  little 

known. 

$  Hexyl'MulvhuTio  acid  is  obtained  by  the  action  of  sulphuric  add  (dihited 
with  about  one-tniid  of  its  volume  of  water)  either  on  jB  hexylene,  or  on  /9  hexyl-aleohoL 
It  is  partially  decomposed  by  dilution  with  water,  and  gives  off  /9  hexyl-aloohoL  Salts 
of  this  add  have  been  obtained. 

/3  Siilpbydrat«  of  Bmijl,  or  fi  Sexyl-msreaptan,  is  obtained  b^  digesting  the 
jB  iodide  with  a  concentrat<>d  alcoholic  solution  of  sulphydrate  of  potassium : 
/BC^"I  +  KHS  -  i8(?H"[g  ^  KL 

On  adding  water  to  the  product  of  the  reaction,  the  mercaptan  separates  as  a  dear, 
colourless,  mobUe  houid,  not  misdble  with  water  and  lighter  than  water,  fi  Hexyl- 
mercaptan  is  formed  in  the  theoretical  quanHty  in  this  operation.  As  was  mentioned 
above,  an  alcoholic  solution  of  hydrate  of  potassium  transforms  fi  iodide  of  hexyl 
almost  completely  into  hexylene  and  water ;  sulphydrate  of  potassium,  on  the  other 
hand,  trans&rms  the  iodide  into  /S  sulphydrate  of  hexyL  When  an  alcoholic  solution 
of  sulphide  of  potassium  is  used,  there  is  also  no  formation  of  hexylene^  but  of  a 
/9  sulphide  instead,  so  that  tiic  sulphur^compounds  of  the  jB  series  are  much  more  stable 
than  the  corresponding  oxygen-compounds. 

It  is  further  noteworthy  that  jB  hexyl-merci^tan  boils  at  142^  under  a  bar.  pressure 
of  760  millimetres'-being  the  point  at  which  the  a  mercaptan  ought  to  boil. 

fi  Hexyl-mercaptan  has  the  kind  of  smell  characteristic  o(  a  mercaptan,  onlv  it  seems 
not  to  be  so  persistent  as  the  smell  of  common  mezc^»tan.    It  acts  upon  oxide  of  mer> 
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tnrr  with  eoeigy.    Sodium  attacks  it,  with  erobtion  of  a  gas  and  lonniitioii  of  a  white 
veadue ;  no  doubt  the  reaction  is  of  the  usual  kind : 


''«^-|s.K..^Cq8.H. 


Verj  curiously,  caustic  potash,  both  solid  and  in  aqueous  solution,  also  attacks  this 
mercaptan;  and,  still  more  euriousljr,  a  heat  of  100^  C.  decomposes  the  compound 
formed  with  aqueous  potaah,  occasioning  separation  of  the  mercaptan,  which,  however, 
reoombines  on  cooling.  J.  A.  W. 

XBXT&ava.    C^*'. — Of  this  hydrocarbon  there  are  also  two  modifications. 

«  Hesylene,  It  is  doubtM  whether  Fremy's  hydioearbon,  boiling  at  66^  and 
obtained  by  the  distillation  of  hydroleic  and  metoleie  adds,  was  hezylene.  CbsTille 
Williams  obtained  hexylane  from  the  products  of  the  distillation  of  Boghead  ooaL  It 
boiled  at  71^  (PhiL  Trans.  1847).  Wurti  seems  to  hays  obtained  a  variety  of 
hezylene  from  fbsel-oiL 

0  Jffexylene  is  formed  by  the  reaction  of  the  corresponding  iodide  with  most 
reagents.  It  ia  best  prepared  by  the  action  of  the  iodide  upon  alcoholic  solution  of 
caustic  potash,  at  100^.  In  prepaiing  it^  the  precaution  should  be  taken  to  disdl 
the  alcoholic  solution  of  he^lene  from  the  iodide  of  potassium  produced  during  the 
reaction,  and  to  digest  the  distillate  with  fresh  potash.  The  alcohol  is  subsequently 
removed  bv  washing. 

jB  Hezylene  is  a  veiy  mobile  liquid,  lighter  than,  and  not  miscible  with,  water. 
Boiling  point  68^  to  70^.  Its  odour  is  veiy  unpleasant,  just  like  that  of  amylene. 
Vapour-aensity,  by  experiment^  2*88  and  2*97  ( theoiyrequires  2*90221  It  combines 
witn  bromine  with  great  violence,  liarming  CH^fBr*.  With  ooocentrated  stdpkunc  acid 
it  gives  parahezylene.  With  su^hurio  add  diluted  with  about  one-third  its  volume  of 
water,  it  gives  fi  he]^l-sulphuric  acid,  fi  Hezylene  seems  to  be  a  lighter  liquid  than 
a  hezylene.  J.  A.  W. 

■ZPVJLSAVrar.  C*H^O. — ^A  product  of  the  oxidation  of  hiptmric  acid,  dis- 
covered by  Schwarz  (Ann.  Ch.  Pbarm.  Izzv.  201),  further  investigated  by  J.  Maier, 
{ibid,  czzvii.  161),  who  has  shown  that  hipparin  is  formed  at  the  same  time.  To  pre- 
pare it,  hippuric  acid  is  stirred  up  to  a  paste  with  dilute  sulphuric  add,  then  mized 
with  perozide  of  lead,  and  left  to  stand  at  a  gentle  heat  for  12  to  24  hours.  The  mass 
is  then  washed  with  cold  water;  the  reddue  ezhausted  with  alcohol;  the  alcoholic 
solution  evaporated ;  the  reddue  washed  with  carbonate  of  soda  to  remove  bensdc  and 
undecoonposed  hippuric  add;  and  the  reddue  boiled  with  water,  which  leaves 
hipparafitn  undissolved  and  depodts  hipparin  on  coolinff.    (Maier.) 

Hipparaffin  crystallises  from  hot  alcohol  in  eztrem^  soft  dender  needles,  having 
a  m\kj  lustre  and  arranged  in  thick  interlaced  tufts.  It  has  ndther  taste  nor  odour ; 
dissolves  sparingly  in  hot»  and  is  quite  insoluble  in  cdd  water,  which  does  not  even  wet 
it ;  the  sdubilitr  is  not  increased  py  addition  of  sulphuric  ad^  hydroddoric  add,  am- 
monia or  potash.  It  dissolves  in  atroneeulphurie  acid,  and  is  predpitated  bv  water 
without  much  alteration  (Schwarz).  Dissolves  easily  in  strong  sulpnuric  and  nitric 
add,  and  is  not  predpitated  from  dther  solution  1^  water  (Maier).  It  dissolves 
readily  in  boiling  aleoM,  and  very  readily  in  ether.  It  melts  at  200^  (Sch  warsX 
210^  (Maier),  solidifying  in  the  crystalline  form  as  it  cools.  At  a  higher  temperature 
part  of  it  distils  without  alteration,  the  residue  turning  black  (Schwarz);  a  small 
quantity  sublimes  in  dender  needles  even  bdow  100^.    (Maier.) 

Hipparaffin  bums  with  a  bright  smoW  flame,  leaving  a  smaU  quanti^  of  easily  com- 
bustiUe  charooaL  It  is  not  decomposed  bv  S(dntion  of  iodine,  or  by  mfdrocKUric  acid 
and  ehioraU  ofnotauium,  or  by  aqueous  ckromio  acid.  It  is  but  partially  decomposed 
by  ftidoB  with  nifdraU  of  potassium  ;  but  on  igniting  it  with  p(4ask4me,  benzene  is 
produced,  and  the  whole  of  the  nitrocen  is  given  off  in  me  form  ot  ammonia  (Schwarz). 
Heated  to  200^—220®  in  a  stream  oikydivehlorie  acid  ffoe,  it  ^ves  off  a  colonrie^s  oil, 
which  solidifies  in  the  crystalline  form.  FuT/Un^  nitric  acid  dissolves  it^  with  evolution 
of  sas,  and  the  solution,  concentrated  after  neutralisation  with  soda,  yields  apredpitate 
of  benzoic  add.  Heatid  with  Mmruft  of  kad  and  dilute  sulphuric  add,  tt  gives  off 
all  its  carbon  in  the  form  of  caroonic  anhydride.    (Schwarz.) 

C«H»NO«.    (J.  Maier,  loa.  ci^.)— The  preparation  is  given  in  the 


preceding  artide.  Hipparin  crystallises  in  large  silky  needles  united  in  barrel-shaped 
groups.  Melts  at  4^*7^ ;  solidifies  at  about  20^ ;  bums  with  a  bright  flame ;  dissolves 
easily  in  alcohol,  ether,  and  boiling  water. 


BZyvOVHAB  KBABOroZBBS.  The  Sea  Buckthom,^T\nB  plant  contains  a 
vellow  colouring  matter  which  appears  to  be  identical  with  querdtrin.  It  is  obtained 
oy  ezhausting  the  berries,  after  they  have  been  well  boiled  in  water  and  dried,  with 
hot  alcohol ;  mixing  the  hot  filtered  liquid  with  bade  acetate  of  loud ;  decomposing 
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»  «liff  ^rnp,  pons  it  into  a  bottle  whfle  yet  warm,  taldiig  up  the  last  remdaes  with 
the  neceesaiy  amount  of  hydrochloric  add;  and  shakes  up  the  whole  briskly  with 
Inise  qnantittes  of  dry  ether.  The  ethereal  solution  is  then  distilled,  the  reddish 
jfUaw  residne  mixed  with  a  little  water,  and  allowed  to  crystallise;  and  the  crystals 
of  hippnrie  acid  thus  obtained  are  washed  with  water  till  the  washizigs  are  eolooriess, 
then  dried  by  pressure  between  blotting  paper,  afterwards  b^  placing  them  over  sol- 
i^uric  acid,  and  finally  at  100^  in  a  water-oren..  (See  also  Weismann,  J.  pr.  Chem. 
Ixzir.  100;  Jahresber.  1857,  p.  637.) 

2.  Wreden  {J.  pr.  Chem.  Ixxrii.  446;  Jahresber.  1869,  p.  700)  estimates  hippurie 
acid  in  urine  by  means  of  a  stuidurd  solution  of  ferric  chloride.  The  liquid  is  first 
BentfaHaed  and  Dreed  from  phosphoric  acid  by  means  of  baryta-water,  and  the  iron 
solution  is  added  till  it  no  longer  forms  a  predpitate,  and  a  drop  of  the  filtered  solution 
produces  a  blue  colour  on  a  piece  of  filtering  paper  moistened  with  ferrocyanide  of 
potassium.  The  amount  of  hippurie  add  found  in  human  urine  by  this  method  of 
eatimation  (average  0*88  per  cent)  is  much  higher  than  that  determined  by  liebig^s 
method  (p.  156);  and,  according  to  Henneberg,  Stohmann,  and  Rautenberg 
(Ann.  Ch.  Phann.  cxzir.  181]|,  the  results  are  vitiated  by  the  £Mt  that  a  perfectly 
neutral  solution  of  ferric  ohlonde  is  decomposed  by  paper-fibre  to  such  an  extent^  that 
paper  soaked  in  a  solution  of  yellow  prasnate  will  not  indicate  the  presence  of  a  small 
quantity  of  iron ;  also^  because  the  termination  of  the  reaction  cannot  be  distinctly 
pereeire^  Better  results  are  obtained  with  ferric  nitrate,  after  the  urine  has  been 
freed  from  colouring  matter  and  other  bodies  by  nitrate  of  lead ;  but  even  in  this  case 
the  ptocees  is  sometmies  rendered  uncertain  by  the  presence  of  other  substances  which 
i^ert  a  redudnff  action  on  the  ferric  oxide.  Altogether,  the  mode  of  estimation  by 
meaius  of  hydrodiloric  add  and  ether  appears  to  give  the  best  results. 

Xtppmmtas.  Hippurie  add  is  monobasic,  the  general  formula  of  its  salts 
being  C*H*MNO'.  Most  metallic  oxides  dissolve  readily  in  the  add.  The  hippnratea 
of  potaasiuB^  sodium,  ammonium  and  magnemum  are  veiy  soluble  and  difficult  to  crys- 
tallise; their  solutions  form  a  cream-coloured  precipitate  with  ferric  salts,  and  white 
cuidy  precipitates  with  nitrate  of  silver  and  mercorous  nitrate.  A  characteristic  reac- 
tioa  of  the  hippurates  is,  that  when  fhsed  with  excess  of  potash  or  lime,  they  give  off 
ammonia  and  yield  benMoe  by  distillation.  Mineral  adda  decompose  them,  separating 
theh^iimrieacid. 

Hippurate  of  Ammonium. — ^The  neutral  salt  does  not  tLppetato  exist  An  aeid 
■alt,  C'H\NH*)NO*.C*H*NO*.HK),  is  produced  even  when  hippurie  acid  is  mixed  with 
excess  of  ammoiiiiL  Itciystallises  by  concentration  in  square-based  prisms  with  4-dded 
summits.  It  dissolves  in  small  quantities  of  water  and  alcohol,  sparingly  in  ether,  and 
performs  gjzatoiy  movements  when  thrown  on  the  surface  of  water. 

Sippurate  of  Barium,  G**Hi<Ba'7P0*+H*0,  forms  prisms  with  rectangular 
bas» ;  soluble  in  water.  It  unites  with  bensoate  of  barium,  forming  a  salt  containing 
C»*H»«Ba*T^O.C»*H'«Ba'0«+ 5H«0. 

BippuraU  of  Calcium,  CIP'Ca'T^K)* -f  3HK),  crystallises  sometimes  in  rectangular 
prisms,  sometimes  in  lamins.  Spedfic  gravity  1*818.  It  is  soluble  in  18  pts.  of  cold 
and  6  pts.  of  hot  water. 

HmpmraU  of  (kjbatt,  C**Hi*Co''NH)*.5HK),  forms  rose-coloured  needles  or  nodules, 
whicn  give  off  their  water  at  100^ 

H^fpunU  of  Coppor,  C"H'*Cu'TJ«0«  +  3H»0,  obtained  oy  concentrating  a  mixture 
of  sulphate  of  eopper  and  hippurate  of  potassium,  forms  oblique  rhomboidal  j»risms 
of  an  azure-blue  colour,  which  turn  green  and  give  off  their  water  of  crystallisation 
when  heated  on  the  water-bath. 

Bwpurate  of  Iron  (/errieum)  is  precipitated  on  mixing  the  concentrated  solutions 
of  hippuiate  of  potassium  and  ferric  chloride. 

Hippurate  of  Lead,  C»*H>«Pb^«0«+  2H«0  and  8HH),  is  obtained  by  predpitating  a 
cold  solution  of  neutial  acetate  of  lead  with  hippurate  of  potassium,  as  a  curdy  preci- 

S'tate  which  dissolves  but  slowly  in  boiling  water.  If  the  boiling  solution  is  well 
luted,  the  salt  is  deposited  in  silky  needles  (containing  1  at  water)  grouped  in  tufts ; 
but  these  crystals,  even  when  immersed  in  the  solution,  are  quiddy  converted  into 
rather  broad,  shining  laminse  (SH'O)  having  the  form  of  quadrangi^ar  tables.  The 
whole  of  the  water  is  given  off  at  100^. 

HippuraU  of  Maaneeium,  C^^H'^Mg^^NK)*  •»•  5H*0,  forms  white  nodules,  which  are 
soluble  in  water  and  give  off  2H'0  at  100^. 

Hippurate  of  Nickel,  C'"H"Ni'TJ«0*  +  6HK),  is  crystallisable,  insoluble  in  ether, 
sparingly  soluble  in  cold  water,  more  soluble  in  boiling  water  and  in  boiling  alcohol. 
It  becmnes  anhydrous  at  100^. 

Hippurate  of  Pbiasnum,— The  neutral  salt  C*H*KNO'.HK),  forms  oblique  prisms 
with  rhomboidal  base,  soluble  in  water  and  in  alcohol,  and  bDcoming  anhydrous  by 
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162  HIPPURIC   ETHERS— HITCHCOCKITE. 

evmporafing,  salphohipporic  add  is  obtained  as  a  brownish  yellow,  amoipbons,  d^i- 
quescent  mass. 

With  nitnme  add  it  forms  (not  8nlphobenzoglycx>llie,  bat)  snlpbobenzoic  acid, 
C^H*SO^  together  with  an  oily  substance  probably  containing  g^yeolClc  acid. 

Sulphohippnric  acid  is  dibasic.  Its  neutral  baritmirsalt  contains  C*H'JBa"NSO*.HH). 
By  boiling  the  acid  with  hydrate  of  lead,  a  Uad-^alt  is  obtained  corresponding  approxi- 
mately with  the  formula  C'HTb'NSO^ 

BZFFVJtXO  BTBBRS.  Only  two  of  these  compounds  have  as  yet  been  obtained, 
yiz,  the  ethylic  and  methylic  ethers. 

Hippurate  of  Ethyl  C"H»«NO«  -  C»H»(C«H»)NO«.  {Stenhouse,  Ann.  Cai. 
Pharm.  zzxL  148.)— Prepared  by  passing  hy^boehloric  add  gas  through  a  boitizig 
solution  of  hippuric  add  in  alcohol  of  80  per  cent  The  liquid  thickens,  assumes  aa 
oily  aspect,  and  when  diluted  with  water,  deposits  the  ether  in  liquid  drops,  which  soon 
solidify. 

Hippurate  of  ethyl  is  crystallisable  and  has  a  shan>  taste.  Spedfie  grayibr  1*043. 
Melts  at  44®  and  solidifies  at  32®  C.  Sparingly  soluble  in  water,  very  soluble  in 
alcohol  Chlorine,  with  the  aid  of  heat,  converts  it  into  a  crystallisable  chlorinated 
compound.  Nitric  and  sulphuric  adds  decompose  it'  at  the  boiling  heat,  produdng 
benzoic  add.  Alcoholic  potash  conyerts  it  into  ethylic  alcohol  and  hippurate  of 
potassium. 

Hippurate  of  Methyl.  C"H»»NO«  «  C^«(CH»)NO«.  (Jacquemin  and 
Schlagdenhauffen,  Compt  rend.  xlv.  1011.)— Prepared  by  passing  hydrochlone 
acid  gas  into  a  soluton  of  the  add  in  wood-spirit  heated  to  60^  or  60O  C.,  washing  the 
resulting  syrupy  liquid  with  carbonate  of  sooium,  and  then  treating  it  with  ether,  from 
which  the  compound  oystallises  hj  spontaneous  eraporation. 

Hippurate  or  methyl  forms  white,  transparent  needles,  soluble  in  120  pts.  of  cold 
water,  and  in  60  pts.  water  at  30®;  in  boiling  water  it  melts  before  dissolniig.  Alcohol 
and  ether  dissolve  it  in  all  proportions.  It  melts  at  60®  and  decomposes  at  250^. 
giving  off  ammonia  and  benzonitrile.  With  fuming  nitric  acid  it  ^ves  off  a  combus- 
tible gas,  probably  containing  nitrate  of  methyl.  Alkalis  decompose  it,  forming  hippurie 
acid  and  methylic  alcohols.    Ammonia  converts  it  into  hippuramide. 

fiZXOXO  ACZB.  The  name  given  by  Chevreul  (Beeherches  sur  les  corps  ffras, 
pp.  161, 236)  to  an  oily  add,  slightly  soluble  in  water,  which  he  obtained  from  mutton- 
suet,  and  to  which  he  attributes  the  peculiar  taste  and  odour  of  that  substance.  The 
potassium'Salt  is  very  deliquescent;  t&e  barium-salt  is  sparingly  soluble  in  water  and 
contains  43*8  per  cent  banum.  The  acid  is  probably  nothing  more  than  a  mixture  of 
sevenil  acids  of  the  series  OH*»0*. 


A  hydrated  silicate  of  iron  occurring  at  Bidharhyttan  in  Sweden 
and  other  localities.  A  variety  called  GtUinrnte  is  found  in  the  Gillinge  mine  at 
Svarta-Kirchspiel  in  Sweden,  and  another  called  Thraulite  at  Bodenmais  in  Bavana. 
These  minerals  all  contain  both  protoxide  and  sesquioxide  of  iron,  and  are  closely 
allied  in  composition ;  they  are,  however,  but  imperfectly  crystallised,  and  havo  a  dark 
colour,  80  that  impurities  in  them  easily  escape  detection.  Moreover,  it  is  possible  that  part 
of  the  protoxide  of  iron  in  the  original  mineral  may  be  gradualljr  converted  into  ses- 
quioxide. Hence  their  constitution  cannot  be  ascertained  with  certainty.  The 
composition  of  hisingerite  from  Ridharhyttau  (specific  gravity  3'046)  agrees  however 
nearly  with  the  formula  S(PeO  J3iO«).2(FeH)».3SiO«)  +  6H«0.  GiUingite  is  the  sama 
with  9  at  water;  Thraulite  is  3(FeO.SiO«).(Fe«0».3SiO«)  +  6H*0.  A  varietv  f rom 
Orijarfvi  in  Finland,  much  richer  in  protoxide  of  iron,  may  be  represented  by  the 
formula  »(FeO.SiO«').(Fe*0».3SiO*)  +  9H«0.  The  following  are  analyses  of  theee 
minerals : 


ao* 

Fe«0»             FeO 

CaO 

MgO 

H«0 

a. 

8307 

34-78         17-69 

2-66 

0-46 

11-64-1000 

b. 

3218 

3010           8-68 

6-60 

4-22 

19-37  -  100-0 

e. 

81-28 

4912 

,    , 

,     , 

19-12-    99-62 

d. 

29-61 

10-74         87-49 

.     . 

7-78 

13-00=    98-52 

fl,  from  Ridharhyttau  by  Rammelsberg  (AfineralchenUe,  p.  S52).—b,  from  the 
Gillinge  mine  by  Ram  melsberg  (i^.).—c,  Thraulite  from  Bodenmais  by  V.  Kobell 
(Pogg.  Ann.  xiv.  467).— <i,  from  Orijarfvi  by  Hermann.    (J.  pr.  Chem.  xlvi.  888.) 

BXS&OFITB.  A  grass-green  limestone  from  Takli  near  I^agpur  in  Central  India, 
of  spedfie  gravity  2646,  and  containing  80'79  per  cent  carbonate  of  caldum,  0*78 
alumina,  a  trace  of  carbonate  of  magnesium,  and  16'68  of  an  imbedded  green  silicate 
( =  98- 1 6),  perhaps  identical  with  glauconite.    (8.  H augh  to n,  Phil.  Mag.  [4]  xrii.  1 6.) 

XZTOMOOOXITB.  A  silicate  of  lead  and  aluminium  from  the  Canton  mine  in 
Georgia.    Specific  gravity,  4024.    Contains  20-85  per  cent  P»0*,  2740  PbO,  28-41 


Digitized  by 


Google 


HJELMITE— HOMOLACTIC    ACID.  163 

A1K)».  0-14  PbCl«,  and  23*20  water  ( «  10000),  agreeing  nearly  with  the  formuk, 
3PbO.PK)».2r4AlK)«J«0».18HK)]  -  Pb»PK)».2[(Al«)"i«0«.3(Al«)"H«0«]  +  18HK). 
(Oenth,  SUL  Am.  J.  [2]  zxiii.  424.) 

XJX&MITB.  A  mineral  oonsistbff  chiefly  of  tantalate  of  yttri  um  and  iron,  found 
in  the  nei^bourhood  of  Ytterbj,  together  with  garnet,  gadolinite,  &c  in  a  rock  con- 
sisting of  quartz,  orthoclase,  adbite,  and  mica.  It  has  a  metallic  lustre,  granular 
fnictnre,  pure  black  colour  in  the  mass,  blackish  grey  in  powder.  Hardness  »  5. 
Specific  grarity  *  6*82.  It  exhibits  no  distinct  indications  of  crystalline  form  or 
cleavage.    Its  analysis  gare : 

Ta*0»    SnO^     CuO      CaO      YO       CeO       VO      FeO     MnO     IfgO     H'O 

62*42    6-66    010    4*26    5*19     107    4*87    8*06    3*82    0*26    3*26 =99*37 

Before  the  blowpipe  it  decrepitates  and  flies  to  pieces,  gives  off  water,  and  turns  brown 
without  melting,  m  the  oxidising  flame ;  by  phosphorus-salt  it  is  easily  dissolved  to  a 
bluish-green  gUss ;  easily  also  by  borax  to  a  clear  glass  rendered  opaque  by  flaming ; 
by  reduction  on  charooHl  with  carbonate  of  sodium,  it  yields  metallic  spangles. 
(Nordenskiold,  Pogg.  Ann.  cxi.  273 ;  Jahresber.  1860,  p.  780.) 

MOMWtMW&MTM,  A  hydrated  arsenate  of  magnesium  from  the  Bannat,  found  im- 
bedded in  calespar.  It  forms  rhomboidal  lamina  of  36^  and  144^,  bevelled  on  the 
sides,  closely  resembling  the  most  common  form  of  g3rpsum,  and  probably  belonging  to 
the  monodinie  system,  cleaving  perfectly  in  the  (nrection  of  the  pinacoidal  fiice, 
having  a  mother-of-pearl  lustre  on  the  cleavage-&ces ;  white,  transparent  (translucent 
in  the  thicker  parts),  flexible  in  thin  layers.  Haidness  <-  0*5.  Speciflc  gravity 
1-  2*474.  Splinters  of  it  melt  even  in  the  flame  of  a  candle.  An  analysis  by 
T.  Hauer  (B6p.  Chim.  pure,  ii.  286) gave  24*64  ner  cent  MgO,  46*33  AsH)*,  and  29*07 
water  (-  99*94),  agreeing  with  the  formula,  Mg*As*0*.8HK>.  (Haidinger,  Wien. 
Akad.  Ber.  xi.  18.) 

■O&ons  Uur  ATVB.  For  the  composition  of  the  ash  of  this  grass,  see  Gbassxs 
(ii.  943). 

See  CuirroinTB  (i.  1026). 
See  IsoMOBPHisic 

MOKZCRIinr.  A  mineral  closely  related  to  bamhardtite  (i.  608),  and  copper 
pyrites  (ii  77).  from  Plauen  in  the  Saxon  Voigtland  (and  other  localities),  where  it 
forms,  together  with  carbonate  and  silicate  of  copper,  a  vein  of  oopper-ore  imbedded  in 
greenstone.  It  occurs  sometimes  in  quadratic  crystals,  but  more  generally  maneive. 
Hardness  between  4  and  5.  Specific  gravity  =  4*472  to  4*480.  Colour,  brass-yellow, 
but  with  more  of  a  bronze  tint  than  copper-pyrit<w,  and  quickly  acquiring  a  many- 
coloured  tarnish.  Streak  bl^ck.  According  to  an  analysis  by  Kichter,  it  contains 
26*81  per  cent  iron,  4376  copper,  and  30*21  sulphur,  agreeing  with  the  formula, 
3Cu«SJ*e^.2FeS.  (Breithaupt,  Sill.  Am.  J.  [2]  xxviii.  182;  xxix.  373.  Bam- 
meUhtr&s  Mimeraleiemie,  pp.  426,  987.) 

MOXOCUMIVZO  ACZB.     C"H>K)*  «  ^  H      [^*     Cyminic  acid,    (Rossi, 

Compt  rend.  liL  403 ;  Ann.  Ch.  Pbarm.  Suppl.  L  139.)— An  add  homologous  wiUi 
cuminic  add,  prepared  by  treating  cyanide  of  cymyl,  C**H**Cy  (obtained  l^  the  action 
of  cyanide  of  potassium  on  the  chloride,  il  296),  with  potash-ley  at  the  boiling  heat : 
C»«H".CN  +  2HK)     «     C"H>*0«  +  NH«. 

It  oystallises  in  small  needles;  melts  at  62^;  distils  without  decomposition ;  dissolves 
sparingly 'in  cold,  easily  in  boiUng  water,  also  in  alcohol  and  ether,  reddens  litmus  and 
decomposes  carbonates.  The  potasnumsalt  is  deliquescent ;  the  barium-  and  calcium- 
salts  crystallise  in  needles ;  the  magnesium'Salt  in  nacreous  scales ;  the  silver-salt  has 
the  oompodtion  C'»H"AgO». 

The  low  mdting  point  of  this  add  raises  a  doubt  as  to  whether  it  is  the  true 
homologue  of  cuminic  add  (which  mdts  at  9^)  or  an  isomer  of  that  homologue 
related  to  it  in  the  same  manner  as  the  add  0*6*0',  obtained  by  Oannizzaro  from 
cyanide  of  benzyl  (probably  a-toluylic  add),  is  related  to  the  true  toluylic  add. 

BOMOJbACTXO  AOXB,  This  name  was  given  b^  Oloez  (Oompt  rend,  xxxiv. 
364)  to  an  add,  isomeric  if  not  identical,  withglycollic  acid,  foimd  in  the  mother-liquor 
which  is  obtained  in  the  preparation  of  fulminating  mercury.  By  neutndidng  this 
bquor  with  chalk,  distilling  off  the  volatile  products  (acetic  ether,  &c),  repeatedly 
siystallising  the  remaining  solution  by  spontaneous  evaporation,  and  decanting  the 
Uqnid  oontaininff  the  more  soluble  salts,  the  caldum-salt  of  this  add  was  obtauMd  in 
•mall  li^il  nodmsf  resembling  lactate  of  caldum. — The  add  itself  formed,  when  oo» 


•  With  tungstlc  aobydrid*. 
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haYinqf  the  odour  of  thyme,  tnd  consisting,  aocoiding  to  R  Wasner  (DingL  poL  J. 
ezzriii.  217),  of  a  hTdrocarbon  isomeric  with  oil  of  turpentine,  and  an  oiygenated  oU, 
apparently  identical  with  valerol,  C*H^O,  and  convertible  by  oxidation  into  yalerianic 
acid,  and  perhaps  also  some  of  its  higher  homologues :  hence  the  odour  of  old  cheese, 
which  hops  acquire  by  keeping.  The  non-oxyeenated  oil  is  not  altered  by  contact 
with  the  air,  but  the  greater  part  of  it  is  gradually  dissipated  by  yolatilisation. 

According  to  Personne  ( J.  Pharm.  [8]  xxvi  2419;  xxriL  22),  lupulin  distiUed 
with  water,  yields  ralerianic  acid  and  an  essential  oil  lighter  than  water,  colourless 
and  neutral  after  rectification,  but  becoming  add  and  resinous  after  some  time.  It 
begins  to  boil  at  140*^  C,  but  the  boiling  point  gradually  rises  to  300^.  The  portions 
di^illing  between  150°  and  160°,  and  those  which  distil  at  about  800°,  appear  to  have 
the  same  composition,  via.  C''H*'0.  Both  these  portions  of  the  distillate  turn  the 
plane  of  polansation  to  the  right;  remain  fluid  at  —  17° ;  dissolve  without  red  colour 
in  sulphuric  add ;  are  converted  by  nitric  add  into  valerianic  add  and  a  resinous  sub- 
atance ;  and  when  let  fiill  by  drops  on  melting  caustic  potash,  yield  a  hydrocarbon, 
C'*fl'*,  and  vsderate  of  potasdunu  Hence,  Personne  regards  the  volatile  oil  of  lupulin 
as  analogous  to  essence  of  valerian,  which,  according  to  Gerhardt,  consists  of  bomeene, 
C^R*  (L  626),  and  valerol,  C^WH),  The  hydrocarbon  from  oU  of  hope  is  not»  however, 
identical  with  bomeene,  inasmuch  as  it  cannot  be  converted  into  bomeoL 

MOXBBZV.  Barley-starch  obtained  by  kneading  barley-meal  in  water,  and  leaving 
the  liquid  to  setUe,  does  not  dissolve  completely  when  warmed  with  addulated  water, 
but  leaves  a  pulverulent  substance,  to  which  Proust  gave  the  name  horddn.  It  ap- 
pears, however,  to  be,  not  a  definite  substance,  but  a  mixture  of  starch,  cellular  tissue, 
and  an  asotised  body. 

XOBUBUM  'WWUkMM*  Barley. — The  compodtion  of  the  grain  of  barley,  as 
determined  by  various  observers,  has  been  already  given  in  the  artide  Cbbbaxs  (i.  825) ; 
also  the  compodtion  of  the  ash  of  the  grain,  and  of  the  straw  and  cha£^  as  determined 
by  Way  and  Ogston,  showins  the  limits  between  which  the  amounts  of  each  constituent 
was  found  to  vary.  The  foUowing  table  (p.  168)  contains  a  more  detailed  statement 
of  the  results  of  these  ash-analyses. 

'•    See  HoRmr  Tdsxtb  (p.  170). 

UnrBB.  AmphiboU, — ^A  mineral  which  plays  an  important  part  in  th« 
compodtion  of  rocks  of  the  primitive  and  trandtion  periods.  Hornblende-rock  and 
bomblende-8lat«  consist  almost  entirely  of  it,  and,  m  diorite  (greenstone),  syenite, 
hornblende-gneiss,  &c.,  it  enters  as  an  essential  constituent. 

Hornblende  forms  prismatic  crystals  bdonging  to  the  monodinic  eystem.  Ratio  of 
axea,  a  i  h  :  c,  ««  1*837  :  1  :  0*6401.  Inclination  of  the  clinodiagonal  {b)  to  the 
principal  axis  (c)  -  7510°.  The  angle  ooP  :  odP  »  66°  80';  +P  :  +P  in  the 
clinodiagonal  prindpal  section  -  148°  30';  oP  :  odP  =  76°  69'.  Ordinary  combination 
oBp .  [  wPcD  ]  .  -»-  P .  oP .  (Fig.  666<z.)  Twins  with  face  of  compodtion  parallel  to  ooPoo  ^ 
as  in  the  figure.  Cleavage  perfect,  parallel  to  ooP.  It  is 
also  fovnd  imperfectly  crystallised ;  fibrous  or  columnar,  coarse  ^'  ^66a. 

or  fine,  with  fibres  often  like  fiax ;  sometimes  lamellar,  also 
gpranular,  coarse  or  fine,  and  usually  strongly  coherent ;  some- 
times friable.  Hardness  6  to  6.  Specific  gravity  2*9  to  8*4. 
Lustre  vitreous  to  peariy  on  deavsge-faces ;  fibrous  varieties 
often  silky.  Colour  varying  from  black  to  white,  through 
various  sludes  of  green,  inclining  to  blackish-green ;  common 
hombleiide,  which  contains  much  iron,  is  ne^y  black.  Streak 
nncoloured  or  paler  than  the  mineral  Sometimes  nearly  trans- 
parent, usually  tranduoent  to  opaque.  Fracture  subconchoidal, 
uneven. 

The  chemical  compodtion  of  hornblende  was  formeily  repre- 
sented, in  accordance  with  the  results  of  older  analyses,  by  the 
oeneral  formula  6M<0.6SiO'  (or  iMO.ZAiO^ ;  but  Bammels- 
berg  (Mintraiehemie^  op.  426,  494,)  has  shown,  by  comparison  of  the  more  recent 
analyses  bv  himself  and  others,  that  all  hornblendes  are  metasilicates,  of  the  general 
fOTmnla  MK).SiO*  or  IPSiO*.  The  metals  induded  under  the  general  symbol  M 
are  ^drtinm^  magnedum,  iron  and  sodium,  sometimes  also  manganese  and  potassium. 
These  metals,  repladng  one  another  isomorphously,  give  rise  to  a  great  number  of 
aabstances  differing  condderably  in  compodtion  as  well  as  in  colour  and  other  physical 
properties.  A  farther  variation  is  caused  b;^  the  presence  in  many  varieties  of 
alumina,  which  enters,  not  in  place  of  the  protoxides  M'O,  for  the  amount  of  the  latt«r 
is  not  found  to  be  in  inverse  proportion  to  that  of  the  alumina,  but  in  place  of  a  certain 
portion  of  the  dlica,  and  in  such  proportion,  according  to  Bonsdorfl^  that  1  at  SiO'may 
be  regarded  as  isomorphoudy  replaced  by  lat  A1«0«(2J^(0»  by  ZAl'O^),  but  according 
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d,  Cummmfftonite  is  a  roee-red  gram 
chosetts,  of  specific  gravity  842,  and  coi 

e,  ArfvedaoniU, — This  is  a  black  mine 
lyte.  It  was  formerly  regarded  as  a  Ta 
isomorphous ;  but,  according  to  Bammels 

2(MH).SiO«)  +  Fe«0".3SiO«.  or  ^*    ^  |  Si' 

cent.  SiO>,  28-76  Fe*0«,  7*80  FeO.  112  ] 
K*0,  016  water,  and  a  trace  of  alumina. 

II.  Hornblendes 
8IO«    TiO"  ArO»  Fr»0> 
•  ""SlSr/.^Ji/i  "••^      .    .      ar74      ,86 

*&Soif *  ^°7*';    j  «-a7    i-oi    e-31    e-w 

VnuTiiu    !       !  39*92      .    .    14*10     6  00 

JJul^grtemthUadt    44<M      I'Ol      8-85     61S 
Val  de  Bove,  Etna     40*91      .    .    IS  68      .    . 

l—A.  Kainin6lit»6rt(AfAitfraldhtfMte,p.  490: 

The  minerals  included  under  this  head 
M'O.SiO*  Fe*0«.8SiO*  and  8M  0.2A1H)*. 

Common  HonUUmde. — This  name  is  af 
Tarietiesi  whether  in  crystals  or  massive, 
to  its  toughness. — Carinthin  is  an  alumii 
thia.    Specific  grayity  3*127. 

UraUte,  from  the  Ural,  has  the  deava 
but  the  external  form  of  augite,  and  is  rt 
are  rarionsly  mingled  in  different  spedmc 
progress. 

SiaataHU  is  a  hornblende  from  Werm 
hauptt  from  common  hornblende,  by  a  d( 
includes  crystallised  varieties  (aystals  u 
rather  dark  shades  of  green.    It  is  also  a 

Fine  specimens  of  uie  dark-coloured  1 
Bohemia ;  Tunaberg  in  Sweden,  and  Parj 
variety  of  hornblende  (  Verde  di  Cornea  i 

Altered  forma  of  Hornblende, — ^Altera 
augite.  Varieties  often  occur,  containing 
anthophyllite  varieties  The  fermginou 
varieties  are  exposed  to  alteration  from 
cates,  &c,  in  solution,  thus  giving  rise  to 
(chlorite),  alkaline,  or  aluminous  forms 
pinite,  chabasite,  limonite,  magnetite,  occ 

MOSVB&BWBB-KOCS  is  a  rock  < 
that  mineral  mixed  with  quartz,  and 
magnetic  iron  ore,  and  garnet.    Hombi 
rocL    These  rocks  belong  to  the  oldest  f 
occurring  more  generally  in  masses  subon 

KOSV-lkBAB.  Cerasine.  Native 
called  from  its  external  resemblance  to  h< 

MOSW-QVZCUZ&VBS.    Native  i 

MOW-8X&VBX.    Native  chloride  < 


KOXVSTOVa.  A  variety  of  quarti 
a  more  splintery  fracture.  It  is  often  call 
on  wood,  and  is  used  for  making  mortars 

KOXVT  TZ88UB.  Epidermoae.—'] 
feathers,  naih^  claws,  hoofii,  horn,  scides 
substance  containing  less  carbon,  but  mor 
The  epithelium  which  coats  the  internal  < 
constituted. 

The  substance,  called  horny  tissue  or  e 
structures,  is  obtained,  though  very  far  fi 
it  with  boiling  alcohol  and  ether,  aftei 
possible.    This  treatment  removes  the  fa 
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tlM  nltt  md  other  fiiieign  matien,  bat  it  does  not  ensure  the  |)erfect  homogeneity  of 
the  undisBolTed  residae.  It  is  known,  indeed,  that  the  homj  tissues  ire  eompoeed  of 
a  number  of  superposed  kyers,  cell-walls  and  nuelei,  which  are  perh^e  not  all  of  the 
same  nature,  but  yet  cannot  be  separated  by  the  solvents  above  mentioned. 

The  substance  thus  obtained  from  the  Tarious  homy  tissues,  has  been  analysed  by 
Mulder,  Scherer,  Fr^y  and  sereral  other  chemists,  the  results  of  whose  analyses, 
though  not  agre^ng  very  closely,  still  show  that  the  substance  forming  the  basis  of 
these  sereral  tissues  has,  in  all  probability,  the  same  chemical  composition. 

(I.)  Scherer .• 


of  Sole 
of  Foot. 
Carbon  51*0 
Hydrogen  6*8 
Kitrogen  17*2 
Sulphur  .  . 
Oaiygen     .     . 


ito    Hair  of     Hair  of     Horn  of 


Beard.       Head.      Buffalo. 


NalU.        Wool. 


60-0 

67 

179 


49-9 

6-6 

17*9 


61*3 

6*7 

17-2 


60*4 

6-8 

16*9 


60*0 

7*0 

17*7 


Beard        LinlDg 

QuUli.  of    Membrane 

Feathers,     of  Egg. 

61*7         61-8         60*0 

7*2  71  6*6 

17-9        17*6        16-8 


.  Laer.  Schlots. 


(4.)  Mulder. 


Hair. 


Carbon 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 


berger.   White 
Horn      hair* 
of  Ox.  ofCow. 
60-6 
6-8 
16-8 
6-4 
20-6 


49*9 

61*6 

6*4 

6*8 
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16-6 

, 

60 

,      , 

200 

Hoofi 

of 
Cow. 
60-4 

6-8 
16-8 

3*4 
23*4 


Hooh 

of 
Horse. 
60*4 

70 
16-7 

30 
22*9 


Horn 
of 

Cow. 

600 
6-8 

16*5 
3*4 

23*3 


Nans. 

60*3 
6*9 

17*3 
8*2 

22*3 


(5.)  Kemp. 

Bpttbellum 

of  GaU. 

bladder. 

61*9 

80 

14*8 


(6.)  Frimj, 


Hoofs  of   Whale< 


49-6 

6-2 

17*4 


Scale 
*»*»"«•  Turtle. 


60*8 

7-4 

16*6 


1000  1000  1000  1000    100-0    1000 


63-6 
7*3 

16*4 
20 

207 
1000 


The  proportion  of  ash  is  about  1  per  cent 

Horny  tissue  melts  when  heated,  and  bums  with  a  bright  flame,  exhaling  a  pecu- 
liar odour. 

When  exposed  to  the  action  of  boiling  water  in  a  Papin's  digester,  it  gradually 
dissolves,  yielding  an  extract,  which  does  not  gelatinise  on  cooling.  By  simple  mace- 
ration in  water,  <^d  or  warm,  the  homy  tissues  are  gradually  loosened,  and  exhibit  a 
cellular  structure  more  or  less  distinct 

Caustie  poUuh  easily  dissolves  homjr  tissue,  eliminatmg  ammonia,  especially  with 
aid  of  heat,  and  fbrmins  a  yellow  solution,  wbich,  when  treated  with  acids,  gives  off 
sulphydric  acid  and  yields  a  white  precipitate.  When  fused  with  hydrate  of  potassium 
it  gives  off  hydrogen,  and  forms  acetic,  butyric,  and  valerianic  acids,  also  leucine, 
tyrosine,  &c  Strong  solutions  of  caustic  potash  or  soda  are  the  best  reasents  for 
bringing  out  the  cdlular  structure  of  the  different  homy  tissues,  epidermis,  nails, 
horn,  dEC. 

Strong  $ulpkurio  acid  causes  homy  tissue  to  swell  up,  and  partly  dissolves  it  when 
heated.  The  solution  diluted  with  water  becomes  turbid  when  neutralised  with  an 
alkali,  or  mixed  with  ferrocyanide  of  potassium.  Prolonged  ebullition  with  dilute 
solphuric  acid  yields  ^rroeine,  leucine,  ammonia,  &c. 

Mtric  add,  especially  if  hot,  colours  homjr  tissue  yellow,  and  ultimately  dissolves 
it ;  on  addition  of  ammonia,  the  yeUow  solution  acquires  a  darker  colour,  and  finally 
assumes  an  orange  tint  According  to  v.  Laer,  xanthoproteic  acid  is  formed  in  the 
first  instance,  then  saccharic,  and  finally  oxalic  acid. 

Fuming  hydroehhrie  add  produces  with  homy  tissue  the  same  blue  or  violet 
coloration  as  with  albuminous  substances,  and  gradually  dissolves  the  tissue  on  boiling. 
According  to  v.  Laer,  hair  immersed  even  in  cold  concentrated  hydrochloric  acid  dis- 
solves in  the  course  of  some  weeks. 

Acetic  acid  does  not  dissolve  homy  tissue,  but  only  causes  it  to  swell  up. 

When  chlorine  is  passed  into  water  containing  in  suspension  homy  tissue  (prepared 
from  hair),  the  tissue  undergoes  no  change  in  extemal  appearance,  but  after  drying 
it  is  harsh  to  the  touch,  and  dissolves  completely  in  ammonia,  with  evolution  of 
nitrogen. 

XOBSB-CMaSTJH  UT.  Aeaculus  Hippocastanum. — The  bark  of  this  tree  con- 
tains two  fluorescent  substances,  aesculin  (i.  60^  and  fraxin  or  paviin  (iL  708). 
Pelletier  and  Caventou  found  in  it  a  greenish  fat  oil,  a  red-brown  resin,  a  bitter  yellow 
substance,  a  neculiar  red  substance,  tannin,  and  woody  fibre. 

The  fhlly  aeveloped  leaves  contain  quercitrin,  which  is  also  found  in  the  ripe 

•  (l.)8cberer.  Ann.  Ch.  Phann.  xl.  M.— (2.)  v.  Laer,  i^<f.zlv.  IK,  157.— (S.)  Scblotsbercer 
(Gtrksr^t  TraUf,  Iv.  197).— (4)  Mulder's  Ckfmi$fkr  UtUertuck,  No.  2,  p.  270.-(ft.)  Kemp,  Aua. 
Ch.  Phann.  aliU.  116.. (6.)  Fr  «ro y,  Ann.  Ch.  Php.  [8]  xUiii.  47. 
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•eedf,  bat  not  in  the  undeveloped  leaves,  or  in  the  coatingw  of  the  bada^  or  in  the  htatk 
of  the  stem  and  bmnebes ;  the  leaves  which  fidl  in  autumn  contain  only  tiaees  of  it 
(Rochleder»  Wien.  Akad.  Ber.  zzxL  666.) 

The  seeds  contain,  according  to  Tipp  fVierte^ahrschr.  pr.  I^arm.  iii.  19^  stardi 
(about  14  per  cent),  mucilage,  gum,  a  non-oiying  oil,  saponin,  a  tannic  add  which  turn 
iron-salts  green,  phosphoric  acid,  and  calcium-salts.  F  r  e  my  found  in  the  seeds,  saponin, 
a  yellow  colouring  matter  [?  quercitrin]  and  a  orstallisable  bitter  substance.  Attempts 
have  been  made  at  various  times  to  render  the  starch  of  horse-chestnut  seeds  lit 
for  food  by  freeing  it  from  the  bitter  substance  by  means  of  a  weak  alkaline  ley. 
Accordinff  to  Flandin  (Ck>mpt  rend,  zzvii  391)  this  is  best  effected  by  kneading 
the  peelM  and  bruised  seeds  with  water  containing  from  li^  to  ^  of  their  weight  <h 
carbonate  of  soda,  and  then  washing  them ;  perfectly  white  starch  tnen  separates,  which 
may  be  used  as  an  addition  to  wheat-flour.  According  to  Belloc,  the  same  result 
may  be  obtained  by  the  use  of  pure  water.  But  according  to  Flan  din,  the  alkali  is 
required  to  remove  an  acrid  substance  and  an  add  redn,  as  well  as  the  bitter  piindple. 
(Compt  rend.  xxviiL  83,  138.) 

The  cotyledons  of  horse-chestnut  seeds  have  lately  been  examined  byRochleder 
(Wien.  Akad.  Ber.  xlv. ;  E^p.  Chim.  pure,  1863,  p.  219^  who  finds,  in  the  alcoholie 
extract^  a  bitter  substance,  ar  gy  rescin,  an  amoiphous  yellow  colouring  matter,  and  a 
substance  which  he  calls  aphrodescin,  formerly  regarded  bv  Fr^my  as  saponin. 
These  substances  are  extracted  by  successive  treatment  with  alcohol,  acetate  of  lead, 
water,  and  ether. 

Argy rescin,  C^BHO^,  is  soluble  in  water  and  in  alcohol,  and  is  piedpitated  by 
ether  £K>m  its  solution  in  absolute  alcohol.  When  the  aqueous  solution  is  evaporated, 
it  remains  in  the  form  of  a  gumm^  mass.  From  its  solution  in  weak  alcohol,  it  8<>pa- 
rates  on  evaporation  in  microscopic  ciystals,  having  a  silvery  lustre.  The  crystals 
have  the  composition  2C*'H'*0'^.H^^0.  It  dissolves  in  strong  sulphuric  add,  forming 
a  solution  which  turns  red  when  mixed  with  water.  It  is  fusible,  and  bums  with  a 
veiT  smoky  flame. 

Aigyresdn  is  resolved  by  aeids  into  argyrescetin  and  glucose : 

C**H'»W*   -   C«H««0"  +  20H'K)«; 

and  by  alkaUs  into  esdnic  add,  C^'K)",  and  propionic  acid : 

C"H-0«  +  3H«0   -    C<^»0»  +  2CTi«0«. 

^th  alkalis,  however,  an  intermediate  product  is  sometimes  obtained,  namely,  an  add 
whose  barium-salt  has  the  composition  O'H'^Ba^O'*,  thus : 

C"H»H)««  +  2HK)    -   C»»H»«0»*  ^  C»H«0*. 

This  new  add  likewise  exists,  ready-formed,  in  the  cotvledons. 

Aphrodescin,  C^'B**0^,  is  soluble  in  water,  and  »  predpitated  from  the  hot  so- 
lution by  hydrochloric  add  in  bulky  flocks.  It  Is  distinguished  from  saponin  by  its 
solubility  in  alcohol,  and  by  its  reaction  with  alkalis,  which  is  similar  to  uiat  of  argy- 
resdn,  excepting  that  it  yields  butyric  instead  of  propionic  add,  thus : 

C«H»*0»  +  2HH)   -   C«H"0«  +  C*H»0*. 

Aescinic  acid,  C*H'*0",  is  obtained  ^precipitation  from  its  salts,  asacelatinous 
mass,  becoming  pulverulent  when  dry.  Wben  boiled  with  a  quantity  of  sicohol  not 
Buffident  to  disimlve  it  completeljr,  it  becomes  partly  ciystalline,  but  does  not  alter  in 
composition.  By  drving  at  130^  in  a  current  of  carbonic  anhydride,  it  undergoes  a 
decomposition,  which  ^chleder  represents  by  the  improbable  equation  C*'^**'C^  — 
C^y^O^  (lEsdnic  acid)  +  C^H"0**, 

Aescinaie  of  potassium^  C*»H"KO**,  is  ciystallisable. — The  6aniim-salt  has  the 
composition  C^'H^Ba^O".— The  ^<u^salt  contains  a  still  larger  proportion  of  base. 

Argyresdn,  aphrodescin,  and  aesdnic  add  heated  with  hydrochloric  add,  are  resolved 
into  sugar  and  a  new  substance,  telescin  C^H**0*\  or  a  product  containing 
C*»H'K)'*.  When  these  decompositions  take  place  in  alcoholic  solutions,  the  products 
formed  are  not  constant,  because  the  telesdn  may  then  be  frirther  resolved  into 
manuitan  (?)  and  a  compound  isomeric  with  quinovic  add. 

Aescinic  add.  or  rather  telesdn,  dissolved  m  alcohol,  mixed  with  hydrochloric  acid, 
and  boiled  till  a  red  colour  is  produced,  undergoes  a  final  decomposition,  yielding  a 
solution  from  which  water  throws  down  flocks  of  aesciffeniu,  C»*H  'O*,  isomeric  with 
choloidic  and  with  quinovic  acid.  This  substance  is  soluble  in  sulplioric  acid,  and  on 
adding  sugar  to  the  solution,  a  red  colour  is  produced  similar  to  that  exhibited  by  the 
biliary  adds  when  similarly  treated. 

The  action  of  hydrochloric  add  on  an  alcoholic  solution  of  telesdn  or  Ksdnic  acid 
sometimes  also  yields  an   intci-mcdiate  product   C*H^O%  which  is  isomeric  with 
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quinovin,  and  may  be  regarded  as  a  oomponnd  of  sesdgpnin  with  2  at  propUHne 
acid: 

C»H»*0»     -     0«<H»0*  +  2C»H«0». 

Thia  view  of  its  composition  is  supported  by  the  formation  of  a  compoond,  C"H**0» 
[?CH**0*],  containing  the  elements  of  tesdgenin  and  acetic  add,  by  the  action  of 
chloride  of  acetyl  on  sesdgenin. 

Rochleder  considers  it  probable  that  ssd^nio  or  its  componnds  may  exist  in 
other  plants,  and  that  cyclamem  and  digitaliretm  may  belong  to  this  group  of  com- 
pounds. 

The  ash  of  the  different  parts  of  the  horse-chestnut  tree  has  been  analysed  by 
E.  Wolff  (J.  pr.  Chem.  xliy.  386 ;  Jahresber.  1847-8,  p.  1078),  for  the  purpose  erf 
determining  how  the  proportion  of  the  different  mineral  constituents  are  modified  in 
passing  from  one  oigan  to  another,  and  how  these  constituents  are  distributed  throughout 
the  several  organs.  To  eliminate  any  local  character  from  the  results,  the  oigans  sub- 
jected to  examination  were  selected  from  trees  growing  on  two  very  different  soils;  one 
a  stony  porphyritic  soil,  the  other  a  moist  forest  sod  often  overflowed,  very  rich  in 
yeffetable  mould,  and  much  more  favourable  to  the  growth  of  the  trees  than  the  former. 

The  mineral  constituents  were  extracted  by  first  charring  the  substance  in  a  muffle 
heated  not  quite  to  redness,  and  exhausting  the  charcoal,  first  with  water,  then  with  dilute 
hyditv>hloric  acid^  diying  the  carbonaceous  residue,  and  incinerating  it  completely  in  the 
v}Ti£Re.  The  ash  was  then  likewise  exhausted  with  hydrochloric  acid,  and  the  united 
hydrochloric  extracts,  the  aqueous  extract,  and  the  insoluble  residue,  were  separately 
analysed.    The  results  are  given  in  the  table  on  page  173. 

The  ash  of  the  wood,  bark  and  leaves  of  the  horse-chestnut  has  also  been  analysed 
by  £.  Staffel  (Ann,  Ch.  Pharm.  Ixxvi.  379;  Jahresber.  1860,  p.  661),  chiefly 
with  the  view  of  determining  whether  the  amount  of  the  several  inorganic  constituents 
in  the  plant  and  its  different  organs  varies  with  the  season  of  the  year.  The  method 
of  analysis  was  similar  to  that  adopted  by  WdlfE,  excepting  that  the  charcoal  was 
exhausted  with  water  alone. 

Ash  of  Horse-chestnut  (Staffel). 


Wood. 

Bark. 

LeavM.             1 

Potash      . 

Spring. 

Autumn. 

Spring. 

Autumn. 

Spring. 

Autumn. 

.      67-67 

17-64 

64-96 

22-61 

46-38 

1817 

Lime 

6-92 

60-99 

9-24 

61-34 

1317 

40-48 

Magnesia  .        . 

408 

6-17 

4-36 

8-99 

6-16 

7-78 

Alumina  . 

,     , 

0-23 

. 

018 

0-41 

0-61 

Ferric  oxide  *    . 

031 

0-63 

1-66 

0-31 

1-63 

4-69 

Sulphuric  add  (80«) 

0-82 

.     . 

.     . 

1-06 

2-46 

1-69 

Silica 

1-80 

0-71 

0-67 

1-06 

1-76 

13-91 

Phosphoricacid(P«0»] 

1902 

21-73 

19-64 

6-96 

24-40 

8-22 

Chloride  of  potassium 

10-47 

2-98 

9-66 

2-60 

4-66 

866 

99-99 

99-98 

99-99 

99-99 

10000 

10000 

Ash  per  cent  of  drj 

r 

substance 

10*908 

8-88 

8-68 

6-67 

7-69 

7-62 

Ash  per  cent  of  fresh 
substance 

1198 

1-693 

1-342 

8171 

1-376 

3-288 

Moisture  in  100  parU 

of    air-dried   sub- 

stance  . 

89-01 

49-90 

84-46 

61-73 

8209 

66-27 

MOmSB-V&SSK  OMMm  A  term  applied  by  the  CTomish  miners  to  certain 
varieties  o{  purple  copper, 

MOVaXXTB.  A  hydrated  aluminate  of  magnesium,  occurring  as  the  material 
of  pseudomorphous  >pinel»  n^^  Oxbow,  and  in  Bossie,  near  Somerville,  St.  Lawrence 
county.  New  York.  The  oystals  are  in  all  conditions,  from  the  pure  spinel  to  octa- 
hedrons with  rounded  edges  and  pitted  or  irregular  surfiices ;  it  also  occurs  in  flattened 
nodules.    It  is  perhaps  identical  with  Volknerite  {q,  v.).    (Dana,  iL  136.) 

BOVXTB.  A  mixture  of  coUyrite  (i.  1084)  with  a  hydrated  carbonate  of  aluminium 
and  calcium,  found  in  the  Upper  chalk,  in  the  neighbourhood  of  Hove,  near  Brifl^ton. 
It  is  very  soft  and  friable,  having  an  earthy  fracture  and  low  specific  gravity.    ( J.  H.  and 
G.  Qladstone,  PhiL  Mag.  [4]  xxiiL  461 ;  Jahresber.  1862,  p.  743.) 
•  With  a  trace  of  manganic  oxide. 
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XOHTAmBXTB.  A  meteorie  nmienl,  deflcribed  by  C.  U.  Shepord.  (Sill  Am.  J. 
[2]  ri  402.) 

MUAMOMJMM.  C**H**N*0.—  An  alkaloid,  isomeric,  or  periiapa  identical,  with 
cinchonine ;  obtained  from  China  de  Huanooo  planOf  a  cinchona-bark  found  in  the 
Hoanooo  foresta,  north  of  Lima  (A  Erdmann,  Ann.  Ch.  Pharm.  c.  341).  The 
bark  ia  repeatedly  exhausted  with  water  containinff  hydrochloric  acid,  and  the  base, 
precipitated  by  eauatie  aoda,  is  purified  by  repeated  solution  in  acid,  and  repreeipita- 
tbn,  till  it  becomes  white,  and  finally  by  crystallisation  from  alcohol 

Hnanokine  crystallises  in  small  colourless  prisms,  yery  similar  in  form  to  cinchonine. 
Aceording  to  H.  Hahn  (Jahreaber.  1858,  p.  372),  they  are  monodinic  prisms,  exhibit- 
ing the  nces  oo  P  .  oo  Poq  .  oP.  Angle  oo  P  :  a»  P  in  the  dinodiagonal  principal 
section  -  71^;  oP  :  oo  Poo  »  110^.  Cleavable  parallel  to  oP;  less  distinctly 
pfirallel  to  oo  P  oo.  It  is  tasteless ;  but  has  a  slight  alkaline  reaction,  stron^r  in  the 
alcoholic  solution,  which  is  also  slightly  bitter.  It  melts  without  decomposition,  and 
solidifies  in  the  crystalline  form  on  cooling:  at  a  stronger  heat  it  sublimes.  It  is 
nearly  insoluble  in  water,  dissolves  in  400  pts.  alcohol  of  80  per  cent  at  17^ ;  and  in 
110  pts.  at  the  boiling  heat;  in  600  pts.  ether  at  17^ ;  and  in  470  pts.  at  the  boiling 
beat.    It  is  said  to  be  a  strong  febrifnge. 

The  salts  of  huanokine  are  precipitated  white  by  alkalis  and  alkaline  carbonates, 
yellowish  white  by  tincture  of  galls,  white  by  mercuric  chloride,  yellow  by  chloride  oif 
gold. 

The  MuipkaU  is  nearly  insoluble  in  water;  but  dissolres  easily  in  excess  of  acid; 
the  solution  is  not  fiuorescent.— The  hydrochlorate  is  rery  soluble,  and  crystallises  in 
Larfre  colourless  prisms  hayine  an  extremely  bitter  taste ;  not  fiuorescent.  According 
to  Hahn  {loe,  eit.)  the  ciystids  are  rhombic  prisms,  with  the  faces  ooPco  .  j^ao  .P. 
An^e  00  P  :  oo  P  ■>  80®. —  The  ckhroptatinaU  also  forms  rhombic  crystals, 
OD  P  .  OD  ^  00  .  P.  Angle  00  P  :  oo  P  »  75^ ;  ans^e  between  the  macrodiagonal 
terminal  edges  and  the  principal  axis  »  132^. —  The  tartrate  forms   hemihedral 

w  p  P    P 

rhombic  crystals,  ooP.  ooPn.oP.  -.   Angle  ooP:  00  P.  »  138®;  -:-^   »   70^. 

2  i        j6 

(Hahn.) 

According  to  De  Vry  (J,  Pharm.  fS]  xxxii  328),  huanokine  is  identical  with  cin- 
chonine, the  differences  observed  by  Erdmann  between  it  and  cinchonine  having  been 
probably  due  to  admixture  of  (^uinidine  or  cinchonidine.  He  found  that  hydriodate 
of  cinchonine  agreed  perfectly,  in  external  character  and  in  its  relations  to  polarised 
light,  with  the  hydriodate  obtained  from  huanokine  prepared  by  Erdmann  himself. 

BUBSOWITB.  A  black  mineral  from  Cornwall,  Orange  County,  New  York, 
near  the  Hudson  River.  .  Specific  gravity  3*43  to  3*5.  It  deavee  like  Hedenbergite, 
and  ia  regarded  by  Dana  as  a  variety  of  augite,  having  a  considerable  portion  of  the 
silica  replaced  by  alumina.  The  composition  is,  however,  more  like  that  of  lunnblende. 
Smith  and  Brush  (Sill  Am.  J.  [2]  xvi.  369)  found  in  it: — 

Lost  by 
8fO*  APO>  FeO  MnO  CaO  MgO  K<0  NmSQ  ignition. 
38-94       10*41       30-48       0*60       10*36       300       2*48       1*66       1*95  »  99*88 

Kenngott  found  that  a  mineral  from  Monroe,  designated  as  Hudsonite,  was  really  a 
hornblende,     {RammeUber^s  Mituralekemie,  p.  996.) 

Syn.  with  Tffm.T.TT.rrK. 
Syn.  with  Oxalxtb. 
■OXATITS.    Syn.  with  Datholitb. 
IC  ACZn.    See  Ulmic  acid. 
aUMTl'M.    See  Chomdboditb  (L  980). 

xmcono  ACXD.  C«*H"0'  (?)  rWohler,  Ann.  Ch.  Pharm.  I  21).— An  acid 
produced,  with  evolution  of  ammonia,  by  neating  narootine  to  about  220^. 

C«*H«NO'     -     C**H»0'  +  NH»p] 

It  is  purified  by  dissolving  it  in  potash,  prem)itating  with  hydrochloric  add,  re-dissolving 
in  alcohol,  and  predpitating  by  water,  u  is  an  amoiphous,  dark-brown  substance, 
insoluble  in  water  and  in  dilute  adds,  but  dissolves  in  afoohol  with  yellowish-red,  and 
in  alkalis  with  yellow  colour,  the  latter  solution  forming  Inown  gelatinous  predpitates 
with  barium-  and  lead-salts. 

Wohler's  analysis  of  this  add  gave  63*0  and  64*6  per  cent  carbon*  6*8  and  5*0  hy- 
drogen ;  whence  he  suggested  the  formuLge,  C**IP*(j"  and  C^B}*0^*.  The  formula 
above  given  (which  requires  66*7  per  cent  carbon  and  6*3  hydrogen)  is  based  upon  the 
fommU  of  narcotine  recentlv  established  by  Matthiessen  and  Foxier  (Gmdin'i 
Handbook^  v.  138).    It  is  probable,  however,  that  the  acid  has  not  been  obtained  pure, 


Digitized  by 


Google 


Digitized  by 


Google 


HYALOSIDERITE—HYDRAMIDES.  177 

grarity  «  2*77  to  2*83.  It  formit  monocllnie  crystals  resembling  those  of  adularia, 
odP.oP.  +Poo,  often  with  (ooPoo).  Angle  a>P:  (ooPoo)  -  120O86';  oP :  obP 
B  112<'  0';  oP:  -I-Pao  »  130°  36'.  Cleayage  oerfect  parallel  to  Poo  (Walters- 
hansen).  The  analysis  of  a  perfect  limpid  specimen  by  Stockar-Escher 
{Kmngotfh  Uebersiekt,  185^-67,  p.  107)  gare: 

StO*  Al"03  BaO  CaO         MgO  K*0         Na"0         HH> 

62-67        2112        1505       0*46       004        7*82       214       0*58 -99*88; 

whence  the  formuU  t^oh^^*  "**  ^I'^'-^SiO'  -  ^?*UiK)»  -  (Ba*K*y[o»; 

which  is  similar  to  that  of  andesin  (see  Fblspab,  ii.  618).  (RammsUberg'i  Mineral- 
ckemie,  p.  609.) 

MTAliO>IBa»lTa«  A  Tariety  of  chrysolite  from  the  Kaiserstnhl  mountain  in 
the  Breisgan,  where  it  occurs  in  yellowish  and  brownish-red  ciystals.  It  contains 
3 1-68  SiO«,  32-40  MgO,  2849  FeO,  0*48  Fe«0",  221  A1«0«.  2*79  K«0,  and  a  trace  of 
chromium.  To  bring  it  under  the  formula  of  chrysolite,  2M*O.SiO*  or  M*SiO*,  it  is  neces- 
sary to  suppose  that  part  of  the  silica  is  isomorphously  replaced  by  alumina. 
See  Palaoonitb. 

ACnCD.      C*H^*0*  (?)— An  acid  poduced  b;r  the  action  of 

potash  on  allantoin.  On  supersaturating  the  srlution  with  acetic  aod,  predpitatinff 
with  acetate  of  lead,  decompoeinff  the  lead-salt  with  sulphuretted  hTOroffen,  imd 
^▼aporating  the  filtered  lii^uid,  the  add  is  obtained  as  an  unctyst^QisaUe  syrup, 
dahquesoent  and  insoluble  in  alcohoL  It  probably  contains  the  elements  of  allantoin 
plus  1  at.  water  (C*H«N*0«.H«0).    (Schlieper.) 

The  name  hydantoic  acid  is  also  applied  by  Baeyer  to  an  add  formed  horn  hy- 
dantoui  by  admtion  of  the  elements  of  water :  no  description  of  it  has  yet  been  given. 

xnftAVTOnr.  C^R*SH>*.  (A.  Baeyer,  Ann.  Oh.  Pharm.  ami  179.)~A 
oompound  belonging  to  the  pazabamic  add  group,  produced  fh>m  aUantoin  by  the 
reducing  action  of  hy  driodic  add : 

CnPNK)*  +  2HI     -    CH*N«0  +  C^WO«  4-  P. 
AlUntolD.  Urea.  Hydantolo. 

Also,  together  with  a  small  quantity  of  allanturio  add,  by  the  action  of  hydriodic  add 
on  aUozanie  add: 

C«H«N«0»  +  2HI     -    Cra*N«0«  +  CO*  4-  H«0  +  P. 
Alloxanic  add.  Hydantoln. 

It  rrystaUises  with  great  fMolitj  in  colourless  arstals  easily  soluble  in  water;  tastes 
slightly  sweet,  and  grates  a  little  between  the  teetn.  It  is  oouTerted  by  oxidatidn  into 
alLmtoxie  add : 

C«H*NK)»  +  0     -    Cf»H«NH>*. 

Hjdantoin.  Allanturic  add. 

With  watOT  it  forms  Baeyer's  hydantoic  acid. 

xmULCUM.  A  term  formerly  applied  to  hydrochloric,  hydrobromie^  hrdri* 
odic,  hydrofluoric,  and  hydrocyanic  adds,  to  distinguish  them  frrai  adds  containing 
oxygen.  The  distinction  is,  howeyer,  no  longer  maintained,  all  adds  bdng  now  regarded 
as  nits  of  hydrogen.    (See  Acids.) 

■nSAOSTIiZC  AOZB.  C'H'K)".— An  add  produced  by  the  decompodtion  of 
iodopropionic  add,  when  a  solution  of  a  salt  of  that  add  is  heated  to  boiling : 
4C^H»I0«  +  3H«0     -     C'«H«0«»  +  4HL 
It  is  most  easily  prepared  by  digeetine  iodopropionic  add  with  excess  of  silyeiw 
oxide,  decomposing  toe  resulting  silver-salt  with  sulphydric  add,  and  evaporating  ^e 
filtrate.     Hydracrylic  add  then  remains  in  the  form  of  a  syrup,  mixed  with  slrader 
needles.     It  is  tribasic ;  nearly  all  its  salts  are  easily  soluble  m  water,  and  many  of 
them  are  decomposed  by  heat,  with  formation  of  acrylic  add : 
C»«H«0»»     =     4C^H)«  +  8HK). 

Hydracrylic  acid.        AcryUc  add. 

The  euprie  salt  is  a  blue-green  varnish.  The  lead-saltf  C**H'*(Pb'yO**,  forms  a  white, 
crystalline,  deliquescent  mass,  perfectly  insoluble  in  alcohol,  and  decomposing  when 
heated  to  between  150**  and  200°.  The  silver-salt,  C»*H»»Ag*0'»,  is  a  flocculent  ma«8. 
becoming  dark-coloured  and  amorphous  when  dry,  easily  soluble  in  water,  sparingly 
in  alcohol,  insoluble  in  ether;  decomposing  below  100^  (Beil stein,  Ann.  Ch. 
Pharm.  cxxii.  366.) 

BT9BAMIAB8.  A  group  of  tertiary  diamides  (i.  172),  formed  by  the  action 
Vol.  III.  N 
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acid  or  alcoholic  radicle:  other  examples  of  such  hydrates  (which  may  also  he  regarded 
as  anhydrides,  inasmuch  as  they  are  formed  by  dehydration  of  normal  hydrates)  vill 
be  found  under  Ethylbnb,  Htdr^tbs  of  (ii.  d70)i  Gltckbtl,  Htdilitbs  of  (ii  S94), 
Gltobbotabtabic  loidb  (ii.  893). 

Metallic  hydrates  retain  the  elements  of  water  with  Taiious  degrees  of  foneL 
Hydrate  of  copper  parts  with  its  water  at  a  Teiy  moderate  heat ;  hydrate  of  calcium, 
at  a  strong  rea  heat ;  while  the  hydrates  of  potassium  and  sodium  are  not  decomposed 
by  the  strongest  heat  that  can  be  applied  to  them.  Hydiated  acids  likewise  exhibit 
various  degrees  of  stability.  Tribasic  phosphoric  acid,  PH)*.3H*0  or  PHH)*,  gives  off 
part  of  its  water  at  a  red  heat,  being  conirerted  first  into  the  dibasic  acid,  P*0*^H*0, 
and  ultimately  into  the  monobasic  acid,  P*O^HK),  which  resists  further  deoom|)oeitaoB. 
The  hydrates  of  volatile  adds  exhibit  remarkable  relations  to  heat  Under  giren  cir- 
cumstances of  pressure  and  temperatures,  there  is  for  each  acid  a  certain  propoitioin  of 
water  which  forms  a  stable  compound,  a  weaker  acid  under  that  pressure  and  tempe- 
rature giving  off  water,  and  a  stronger  acid  giving;  off  acid,  till  the  most  stable  compound 
remains  behind  (Boscoe,  Chem.  Soc  Qu.  J.  xiii  140).    See  Suusubic  acid,  Nrrsic 

ACID,    ChLOBHTDBIC  ACQ),  &C. 

The  hydrates  of  the  stronger  adds  and  bases  may  be  formed  by  direct  combination  of 
the  anhydrous  base  or  acid  (anhydride)  with  water,  the  combination  being  sometimes  at- 
tended with  great  evolution  of  neat,  as  in  the  case  of  sulphuric  acid,  buyta,  and  lime. 
In  other  cases,  the  hydrate  cannot  be  formed  directly,  and  in  others  again  the  union 
takes  place  but  slowly.  Acetia  anhydride  may  be  left  in  contact  with  water  for  seven! 
days  without  dissolvmg  in  it;  but  on  the  application  of  heat,  it  gradually  diasolves. 
Among  organic  acids,  it  is  found  that  dibasic  acids  are  formed  by  the  direct  union  of 
the  anhydride  and  water,  and  that  the  hydrate  may  be  decomposed  by  heat :  this  is 
the  case  with  succinic  and  tartaric  adds ;  whereas  the  hydrates  of  monobasic  adds, 
(mdi  as  acetic  add,  cannot  be  thus  decomposed  by  heat  alone.  This  difference  is  {«v>- 
hnbly  related  to  the  fact,  that  the  molcKnile  of  a  dibasic  add,  like  succinic  add, 

^     H>       I  ^*'  contains  a  sufficient  number  of  atoms  of  basic  hydrogen  to  form  water; 

whereas  the  molecule  of  a  monobasic  acid,  such  as  acetic  add,      „    [  0,  does  noL 

The  hydrates  of  lithium,  sodium,  potassium,  barium,  strontium,  and  thallium,  ars 
easily  soluble  in  water,  forming  strongly  alkaline  solutions;  hydrate  of  caldum  is 
moderately  soluble ;  the  other  metallic  hydrates  are  insoluble  or  nearly  so ;  those  of 
magnedum,  mercury,  lead,  and  silver  are,  however,  sparingly  soluble.  The  hydrates 
of  the  more  add  or  chlorous  radicles  are  all  more  or  less  soluble  in  water,  with  the 
exception  of  certain  organic  adds  of  high  atomic  weight,  such  as  the  higher  members 
of  the  fatty  acid  series,  palmitic,  stearic,  oerotic  acid,  &c. :  these  bodies  dissolve  readily 
in  alcohol  and  in  ether.    Similar  remarks  apply  to  the  alcoholic  hydrates. 

In  many  hydrated  compounds,  part  or  the  whole  of  the  oxygen  and  hydrogen  ap- 
pears actually  to  exist  as  water,  as  in  bases,  salts,  &c.,  containing  water  of  aystallisation : 
«j7.  crystallised  ht/drate  of  barium,  B&"E*0*.SWO,  crystalliaed  alum  (SO*)*  AVK.l^B^). 
Water  can  unite  m  this  manner  with  salts  and  other  bodies  in  the  most  various  pro- 
portions, sometimes  one  molecule  of  the  salt  being  united  with  several  molecules  of 
water,  as  in  the  instances  above  given,  and  sometimes,  though  lets  frequently,  ooe 
molecule  of  water  with  two  or  more  molecules  of  the  salt ;  sometimes  in  more  complex 
proportions,  as  in  crystallised  nitrate  of  strontium^  Sr''(N0")*.6H*0. 

Water  thus  united  with  a  salt  or  other  body  is  for  the  most  part  expelled  at  100^  C : 
some  salts,  however,  retain  part  of  their  water  with  greater  tenadty  than  the  rest ;  thus 
crystallised  sulphate  of  zinc,  Zn^'SO*. 7H*0,  gives  off  6  at  water  at  100®,  but  retains  the 
seventh  atom  till  heated  to  238® ;  sulphate  of  magnedum,  Mgf S0^7HK),  exhibits  a 
similar  deportment  Moreover,  this  last  atom  of  water,  which  by  its  greater  sta^ulity 
appears  to  be  more  intimately  united  with  the  salt  than  the  rest,  may  be  replaced  by  a 
molecule  of  another  salt,  as  sulphate  of  potassium  or  ammonium : 

Crystallised  sulphate  of  zinc        .        .        .  Zn^SOKBH)  -f  6  aq. 

Sulphate  of  dnc  and  potassium    .        .        .  j  ^f^^i^^t  H^^ 

Water  united  with  a  salt  in  this  manner  is  called  by  Graham  etmstitutional  waler, 
to  distinguish  it  from  water  of  crystallisation.  Liebig  distinguishes  theee  hydntad 
compounds,  e^,  2n''S0MI'0,  by  the  term  halhydrates, 

JTUKO  UOMSSTOVB.    See  Lixbstonb. 


This  term  is  applied  chiefly  to  the  compounds  of  hydrogen  with 

dieles,  and  organic  acid-radiclr-      -   i— i-^j-    -c ^  •«• 

hydride  of  ethyl,  CHMI;  hydride  of  benzoyl,  C'] 


metal  n.  alcohol -radicles,  and  organic  acid-radicles,  e.g,  hydride  of  copper,  Cu*H' ; 
tJ^U^O.H. 
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Metallie  Hydride$.  A  few  only  of  thesQ  compounds  are  known.  The  most 
important  are  the  gaeeons  hydrides  of  arsenic  and  antimony^  AsH*  and  SbU' 
(i.  32S.  871),  formed  on  the  ammonia  type.  Pkosphoretted  Jwdrogerit  or  phogphamine, 
PH*,  belongs  to  the  same  daas.  There  is  also  a  solid  hydride  of  arsenic,  supposed  to 
hare  the  composition  AsH',  produced  when  water  is  electrolysed  by  a  strong  current, 
with  metallic  arsenie  for  the  negative  pole.  It  is  doubtful  whether  a  hydride  of 
hUmutk  exists,  amUkigons  to  the  gaseous  arsenides  of  azsenic  and  antimony.  Hydride 
of  capper^  Cu»H»,  produced  by  the  action  of  hyponhoephorous  acid  on  aqueous 
cnpric  sulphate,  b  remarkable  for  its  reaction  with  hyorochloric  acid,  the  products  of 
which  are  cupiDua  chloride,  Cu'Cl*,  and  free  hydrogen  (ii.  66).  A  hydride  of  iron  has 
been  obtained  by  Wanklyn  and  Carius  (Ann.  Ch.  Pharm.  czz.  69)  by  acting  on 
ferrous  iodide  with  zinc-ethyl.  It  is  a  black  metallic  powder,  wfaicn  gives  off  hydrogen 
when  immersed  in  water. 

Hydridet  of  Alcohol-radicles.— I,  Of  the  radicles  C*H*»*».  These  hydrides 
are  the  homologues  of  marsh-gas,  or  hydride  of  methyl,  CH*.H,  the  lowest  term  of  the 
series.  The  h^lrides  of  eth/ll  trityl^  and  tetrvl  are  oaseous  at  ordinaiy  temperatures ; 
the  rest,  up  to  C'*H",  the  hishest  yet  obtained,  are  liquids  of  more  or  lees  disagreeable 
odoor,  burning  with  a  slinitly  smoky  flame,  and  regularly  increasing  in  specific 
gravity,  v^pow-demi^,  ana  boiling-point,  as  their  atomic  weights  become  greater. 
The  highest  terms  of  the  series  wul  doubtless  be  found  to  be  solid  waxes  and 
parsffina. 

Hydride  of  meth/l  (marsh-m)  is  produced  by  the  putrefaction  and  diy  distillation 
of  oi)g^ic  bodies,  imd  by  distOttng  acetic  acid  or  acetone  with  excess  of  potash  (L  IJ). 
Hydride  of  ethyl  is  obtuned  hj  the  decomposition  of  ethii  itseli^  which  under  certain 
drcmnstanoes  ^ts  up  into  this  compomid  and  ethylene  (ii  566) : 

2C»H»     -     C«H».H  +  CH*; 

also  when  iodide  of  ethyl  is  decomposed  by  dnc  in  presence  of  water: 

2C»H^  +  H«0  +  Zn«    -     2(C«H».H)   +  Zn*IK). 

•  Hydride  of  teiryl,  C*H*.H,  is  produced  by  heating  tetrylie  alcohol  with  dilonde  of 

nn<^  and  hydride  of  amyl,  C*H".H,  together  with  several  of  its  hi^er  homologues,  by 

similar  treatment  of  amylic  alcohol  (p.  147). 

Hydride  of  amyl  and  some  of  its  homologues  are  also  contained,  together  with 
other  hydrocarbons,  in  the  light  oils  resulting  from  the  distillation  cf  Boghead  coal 
(Gr.  Williams,  PhiL  Trans.  1867,  p.  737;  Jahresber.  1867,  p»  437.--Chem.  Soc  J. 
XV.  130),  and  of  Wigan  cannel  coal  (Schorlemmer,  Chem.  Soc  J.  xv.  419):  for 
the  mode  of  separating  them,  see  p.  146.  Many  of  these  alcoholic  hydrides  are  also 
contained  in  American  petroleum  or  earth-oil  (which  indeed  appears  to  consist  almost 
entirely  of  them),  hydride  oihexyl,  C*H*\  constituting  the  principal  portion  (Pelouze 
and  C  a  hours,  Ann.  Ch.  Pharm.  exxiv.  289;  cxxviL  196;  cxxix.  87).  They  are  sepuated 
by  fractional  distillation,  and  purified  by  successive  treatment  wiUi  sulphuric  aeid  and 
carbonate  of  sodium,  desiccation  with  anhydrous  chloride  of  calcium^  aistillation  over 
sodium,  and  final  rectification.  In  this  manner,  Pelouze  and  Cahoors  have  obtained 
twelve  of  these  hydrides,  included  under  the  general  formula  OH^'*'^  from  hydride 
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SpMlflc  gravitiet. 
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•     • 
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,     , 

30° 

390_  40© 
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68 
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HeptylCH"    . 
OctylO»H»      . 
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,     , 

92—  94 

98  -   99 
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0-719  „  17 

0-728  at  0° 

116—118 

119  —120 
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Nonyl  CPH»     . 

0-741  „  16 

•    . 

. 

186—188 

,     , 
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Decatyl  C»*H« . 

0-767  „  16 

.    , 

0-768  „  0 

160—162 

,     , 

165  -157 

EndecatylC"H«* 

0766  „  16 

.    . 

180—184 

DodecatylC»«H" 

0-776  „  20 

.    . 

.    . 

196—200 

TridecatylC»«H" 

0-792  „  20 

•    . 

.    . 
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Tetradecatyl 

C«*H"  . 

,    , 

,    , 

,    , 
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Pentadecatyl 

C»H«  . 

•    • 

•    • 

•    • 
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fl  C*B}\  boiling  at  a  few  d«gre 
between  256°  and  260<'.  The 
nd  donbtless  contabing  some  oi 
ig  for  it^  large  quantitieB  of  ga 
t  is  probable  that,  in  the  great 
ion  of  this  remarkable  liquid,  t 
'  has  been  produced,  from  mai 
preceding  table  (p.  181)  exhibil 
ic  hydrides  obtained  from  these 
)termined  in  all  cases,  and  foon 
iye  formnlft  for  a  oondensatio 
in  the  hydrides  obtained  by  the 
Be  from  cannel-naphtha ;  those 
»n  petroleum. 

le  alcoholic  hydrides  are  very  si 
nr  ftuning  nitrie  acid^  strong  n 
U  into  the  corresponding  alcob 
I  alcoholic  hydride  of  the  se 
ed  in  composition  with  a  radicle 

Hydride  of  Ethyl  C«H» 

Trityl  CH'. 

TetrylC*H» 

Amyl  C»H» 

aerally : 

question,  therefore,  arises:  ai 
s  and  their  hydrides,  identical  < 
-radicles  by  Frankland  and  Ko 
uion  that  these  compounds  wer 
m  generally  receiyed  as  correc 
lemmer  (Chem.  Soc.  J.  xv.  4 
ling  the  products  obtained  by  t 
Ic  hydrides.  He  finds  that  ethyl 
ide,  CH'*C1,  agreeing  in  comj 
\\  properties,  with  that  which  i 
yl(p.  144).  Prom  amyl,  C»«H« 
CI,  boiling  at  about  200°,  whi( 
>d  by  the  action  of  chlorine  ( 
,  Schorlemmer  concludes  that  n 
es  and  the  radicles,  at  least  ami 
Jpdridea  of  the  AlcohoUradicUi 

•  ^  •"*  Hydride  of  Phenyl 
Hydride  of  Benzyl 
1  these  hydrides  are  contained 
Vben  treated  with  strong  nitric  a 
oils,  the  formation  of  which  afii 
lose  of  other  series  with  which 
Qperties  of  these  hydrides  haye 
hydrides  of  alcohol-radicles  of 
irideso/Aeid-radieles:  T 
ate  this  class  of  compounds,  e. 
de  (bitter-almond  oil),  (THK) 

oMOAJtomna  aozb.   Ai 

tion  of  water  and  stannous  ch 
at  120°  contains,  aceording  U 
i  with  potash,  giyes  offammonia  i 
Tong  nitric  add,  gives  off  nitro 
iler  longer  boiling,  chzysammi( 

DKOA9ATXTB.     A  hydrate 
Lk-white,  translucent,  warty 
I  rock,  imbedded  in  a  black  ■ 
^ches  fluor-spar,  but  is  scratche 
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40-00  per  cent  P>0*,  62  36  CaO,  8'86  P,  and  680  watw,  togethep  with  6'4«  ferric 
Dhocphkte,  agreeioff  nearly  with  the  formula  8Ca»P20".CaF».8H*0.  (Damour,  Ann. 
Mio.  [6J  X.  66;  Jahpfsber.  1856,  p.  874.) 

wrwiMUOmmanjLmXIUL  CH'^N*.  TnhmjpylenB-diamide,  Hydride  of  Azo- 
6*  nzoift.  (Laurent,  Ann.  Ch.  Phye.  [2]  bdi.  23  ;  Ixri.  18 ;  [3]  i.  300.— Bertagnini, 
Ann.  Ch.  Pfaarm.  Ixzzyiii  127.) — ^This  compound,  which  may  be  regarded  as  a  tertiary 

diamide,  N'(C'H*)^,  in  which  the  hydrogen  ia  completely  replaced  by  the  diatomic 
radicle  benzylene,  is  produced  by  the  action  of  ammonia  on  hydride  of  benzoyl  (bitter 
almond  oil).  When  rectified  bitter  almond  oil  (boiling  at  180^)  is  left  in  contact  with 
aqueoufl  ammonia  for  a  few  days,  or  for  only  six  or  eifiht  hours  if  the  liquid  be  pre> 
viously  heated  to  the  boiling  point  of  the  ammoniacal  solution^  a  crystalline  ma«8  is 
formed,  which  must  be  broken  up,  washed  rapidly  with  ether  to  remove  adhering  oil, 
and  than  dissolTed  in  boiling  alcohol,  which  leaves  undissolved  a  number  of  secondaxy 
products  resulting  firom  the  action  of  the  ammonia  on  hydrocyanic  acid  contained  in 
the  bitter  almond  oiL  According  to  Ekman  (Ann.  Ch.  Pharm.  cxii.  161),  hydioben- 
lamide  may  be  obtained  in  fine  crystals  by  mixing  bitter  almond  oil  with  an  equal 
volume  of  ether  and  strong  aqueous  ammonia,  and  leaving  the  mixture  at  rest 

Hydrobeuzamide  separates  fh>m  its  alcoholic  solution  in  colourless  octahedrons  with 
a  rhombic  base,  truncated  on  their  longer  lateral  edges.  Angles  of  the  terminal  edges, 
130^  and  122°;  angles  of  the  lateral  edges,  84°  60'.  It  is  insoluble  in  watsr,  very 
soluble  in  alcohol  and  ether.  The  crystals  are  destitute  of  taste  and  odour,  but  the 
alcoholic  solution  has  a  taste  of  burnt  almonds.  The  crystals  melt  at  110°,  forming 
a  thick  oil,  which  has  a  sweet  taste,  and  solidifies  after  a  while  to  an  opaque  brown 


Decompositions. — 1.  Hydiobenzamide,  when  heated  in  the  sir,  takes  fire,  and  bums 
with  a  not  unpleasant  odour  (Laurent).>'2.  Between  120°  and  130°  it  changes  in 
three  or  four  hours  into  amarine  (Bertagnini). — 3.  By  dry  distillation,  it  yields 
lophine  and  a  strong-smelling  volatile  oil,  leaving  a  small  quantity  of  carbonaceous 
matter  (Laurent).— -4.  When  the  alcoholic  solution  is  continuously  boiled,  ammonia 
fjicapes,  and  on  evaporating  the  alcohol,  bitter  almond  oil  remains  (Laurent). — 

6.  Boiled  with  aqueous  chromic  acid^  it  prields  a  large  quantity  of  benzoic  acid 
(Fownes,  PhiL  Trans.  1846,  263). — 6.  With  acids,  even  at  ordinary  temperatures, 
it  yields  bitter  almond  oil  and  the  ammonia-salt  of  the  add  (Laurent,  Fownes). — 

7.  Boiled  with  j>oto«A-^,  it  changes  gradually  and  without  perceptible  decrease  of 
weight,  into  amarine,  only  a  faint  odour  of  bitter  almond  oil  being  evolved  (Fownes). 
lk>iled  with  alcoholic  potash,  it  gives  off  a  small  quantity  of  ammonia  and  bitter 
nlmond  oil  (Laurent). — 8.  When  it  is  fused  with  hydrate  ofpotassium^  the  mass 
iH.-comes  first  light  yellow,  then  dark  yellow,  and  ultimately  brown  and  black ;  and  if 
slowly  heated,  gives  off  nothing  but  ammonia:  if  the  heat  be  continued,  there  is  given 
(iff,  besides  ammonia,  a  mixture  of  about  4  voL  hydrogen  ^  to  1  voL  carburetted 
hydrogen.  The  black  residue  contains  carbonate  and  cyamde  of  potassium,  benzo- 
tttilbin,  benzolone,  and  a  small  quantity  of  a  yellow  oil,  which  thickens  and  becomes 
viscid  on  exposure  to  the  air ;  the  mass,  which  has  then  become  dark  yellow,  contains 
nothing  but  benzostilbin  and  a  considerable  quantity  of  the  yellow  oil  (Rochleder, 
Ann.  Ch.  Pharm.  Ixi.  89). — 9.  Heated  with  pota^sium^  it  yields  a  red  fusible  mass  and 
a  small  quantity  of  charcoal  (Laurent). — 10.  y^icn  sulphydric  actV2  is  passed  through 
the  alcoholic  solution,  sulphide  of  benzylene  is  produced  (C  a  hours).-  11.  A  solution 
of  hydrobenzamide  in  absolute  alcohol  mixed  with  a  solution  of  sulphurous  anhydride 
in  absolute  alcohol,  deposits,  after  a  while,  a  white  precipitate  of  sulphite  of  benzoyl 
and  ammonium,  C'H\NH*)SO',  and  the  remaining  solution  yields  by  distillation, 

first  alcohol,  then  diethyl-benzylenic  ether,  (^2»\f(o»  (B.  Otto,  Ann.  Ch.  Pharm. 

cxii.  306). — 12.  When  hydrobenzamide  is  saturated  with  kydrockhrie  acid  yas,  a 
compound  free  from  nitrogen  slowly  yoIatiliBes,  whilst  a  mm-volatile  azotised  compound 
remains  behind,  which  is  not  altered  by  ether,  but  is  dissolved  by  alcohol,  with  sepa- 
ration of  sal-ammoniac  This  compound  (hydroehlorate  of  hydrobenzamide)  is  re- 
•olved  by  water  into  sal-ammoniac  and  hydride  of  benzoyl : 

CnH'»N*.2HCl  +   8H«0     «     2NH«C1  +  SCHH), 
and  by  absolute  alcohol  into  sal-ammoniac  and  diethyl-benzylenic  ether : 

C»'H»«N«.2Ha  +   6C»H«0     -    2NHHn  +   3n^*r|o«]. 

(Bkman,  Ann.  Ch.  Pharm.  cxii.  161 ;  Jahresber.  1869,  p.  317. — Lieke,  ibid.  318)l 

Hydrodilorate  of  hydrobenzamide,  heated  to  160°— 230°,  yields,  besides  hydrochloric 
acid,  an  oily  distillate,  containing  benzonitrile  and  chloride  of  benzyl,  C'H'Cl  (i.  673), 
and  leaves  a  red-brown  residue,  which  is  separated,  by  digestion  with  alcohol  at  ordinary 
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I,  into  a  brown  Mlntion  (A^  m 
leohol  and  ehlorofonn,  fonning 
C*'H'«N* ;  the  one  cnrstallisbj 
h  melt  at  170^  (see  Lophuoi). 
itions  of  lophine  jnet  mentioi 
0° ;  thirdly,  a  base,  C«'H«N« 
DO*,  crystallicdng  from  alcohol 
;i.PtCl«.2H'0,  in  microscopic  pi 
vrhose  platinnm-salt  is  anhyd 
^drochlorate,  which  melts  at  2! 
ses  in  six-sided  prisms.  (£k  m  i 
ber.  1861,  p.  404.) 
>benzamide  heatea  with  2  at.  u 
I  mass,  which,  after  purificatic 
is  fbnnd  to  consist  of  di-io 

I»)«N«]^«;  and  the  alcoholic 

Ljdrate  of  lead,  ^elds  the  base 
treated  with  iodide  of  ethj 
Ann.  Ch.  Pharm.  cv.  267.) 
isomeric  with  hydrobenzamide 
riodate  of  dielh7lamarine,C*H 
lyUmarine  itself  C»'H»«(C«H»y 
iodide  of  ethyl,  yields  anothi 
mtain  a  larger  proportion  of  e 
hyl,  yieldii^  a  hydriodate  ji 
lat  amarine  contains  at  least  3 

ally  by  the  formula  n|^^^ 

\  of  VjdMbOBaamide,  C^* 

ahresber.  1869,  p.  316),  is  pi 
[lide,  which  then  takes  np  19*/ 
L  Itisdeo(»npoeedby  water,) 
lire  of  hydride  of  benaoyl  and  I 

r«NHn«  +  2H«0  -  2(rH 
le  or  hydro.  HydrU 

isamide.  beau 

IS  ether  it  is  resolTod  into  sa 
r  body  which  boils  at  183^  an< 
ilow),  but  differs  from  that  snh 
trile  and  hydride  of  benaoyL 
>f  hydrobennmide  heated  to  1{ 
benaunide,  C«ff  »Ciy«,  which  < 
&es  on  cooling,  and  is  resolved 
into  the  following  eomponnds: 
yus  solntion  deposits  on  cooli 
ird  gmnular  oystals,  consistin 
me  compound  crystallises  with 

n  [?  as  a  hydrate]  the  base  < 
ylene-diammonium.    The 

ro/  solution  deposits  crystalliD 
tring  the  eonpoaition  C^H^'N^ 
olie  solntion  yields  crystals  ins* 
orer  oU  of  ritriol,  C"H«*N».HC 
Kmia.  and  rediasotred  in  hydro 
?  hjdrochlorate,  2C«"H«'N».Hri 
ims  2vC=»H»N»^a)J»ta«  (p 
179). 

mramwiaMKa  C**H"CI! 
Mmide  b  beared  to  180^—300' 
than  water,  and  baring  a  pi 
t  diasolTes  easily  in  alcohol  a 
fnfsfion  of  hydrochloric  a 
tare  of  mirie  and  tmipkmrie  c 
I  qyatiTTisaMa  nitrobanaon 
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Chlormiitro-lijdrobanBamidtf.  C*>H**C1(N0*)N*.  (Miiller,  ^.ctY.)— This  com- 
pound is  fbrmed  iHien  chlorohydrobenzamide  is  left  for  24  hours  in  contact  with  strong 
witrie  acidy  mnd  is  precipitated  by  water  fiom  the  add  solution,  as  an  oily  very  pungent 
U<)aid.  It  is  soluble  in  aleoholi  and  the  solution  is  decomposed  bj  sulphide  of  ammo- 
oiom,  yielding  benzonitrile  and  sulphobeneamide : 

C«H»«C1(;N0«)N»  +   3H«S     «     2C'H»N  +  CH^S*  +  2HH)  +  Ha  +  S». 

Chloroattro-bjdrobeni-  Bensonitrile.      Sulphobvns- 

•aid*.  amide. 

nUBOBaraOLB.  C'^H^K).  (Zinin,  J.  pr.  Chem.  zzxiii.  86.)~A  product  of 
the  action  of  sulphide  of  ammonium  on  benzile  (C'^H**0*).  It  is  insoluble  in  water, 
sdiible  in  alcohol  and  ether,  and  ciystallises  from  these  solutions  in  the  shape  of  con- 
esvo-couTez  lenses.  The  crystals  melt  at  47^,  forming  a  colourless  liquid,  which  distils 
without  alteration,  and  solicufies  in  a  crystalline  mass  at  42^.  They  hare  the  smeU  of 
bitter  almOnds,  and  a  saccharine  pungent  taste.  They  dissolve  readily  in  sulphuric 
add,  and  are  predpitsted  therefrom  by  water.  They  are  slowly  attacked  by  chlorine, 
and  not  sensibly  altered  by  boiling  potash. 

mwVWLOVWanxiXM.  C^^H^K)'.  (Zinin,  Ann.  Ch.  Fharm.  cxxiil  125.)— A  com- 
pound produced  by  the  action  of  nascent  hydrogen  on  benasoyl-hydride  (bitter  almond- 
oil  X  and  containing  the  elements  of  2  molecules  of  that  compound  (C'^H'K)'),  and 
1  molecule  of  hydrc^n,  H*.  To  prepare  it,  4  pts.  of  bitter  almond  oil  fiie  from  prussic 
add  are  dissolTed  in  6  pts.  alcohol  of  85  per  cent. ;  the  solution  is  mixed  with  4  pts. 
alcohol  preyiously  saturated  with  hydrochloric  add  gas ;  and  one  pt.  of  fiiiely-^ranu- 
lated  cine  is  earerally  added,  so  that  it  may  dissoWe  without  perceptible  erolution  of 
liydrogen.  When  tne  reaction  is  finished,  the  liquid  is  heated  to  the  boiling  point, 
mixad  after  eoolins  with  a  small  quantity  of  ether  (to  remore  a  body  which  adheres  to 
the  line  and  retards  the  action)  and  with  1  pt.  more  of  alcohol  saturated  with  hydro- 
chloric add  gas,  then  heated  to  complete  the  reaction,  and  mixed  with  a  qtiantity  of 
water  three  or  four  times  as  great  aH  that  of  the  bitter  almond  oil  taken.  Hydro- 
iM'nxoin  then  separates  as  an  oily  body,  which  soon  solidifies  in  a  crystalline  mass, 
and  may  be  purified  by  washing  in  water,  pressure  between  bibulous  pi^)er  (to  remove 
an  acrid  oil),  and  reciystallisation  from  alcohol  (or  if  somewhat  impure,  preyiously 
from  ether).  It  is  thus  obtained  in  large  rhombic  plates,  which  melt  at  130^,  and  boil 
abofva  800^.  When  gently  heated  with  2  pts.  nitric  add  of  specific  gravity  1*36,  it  is 
oonrerted,  without  any  evolution  of  red  vapours  or  formation  of  secondaiy  products, 
into  pure  benzom ;  with  stronger  nitric  add,  benzil  is  obtained.  It  is  not  attacked  by 
potaui,  dther  aqueous  or  alcoholic,  even  at  the  boiling  heat. 

ST]>»OBBSBXBXra.  C**H*iNO\  (Hlasiwetz  and  Gilm.  Ann.  Ch.  Fharm. 
SnppL  ii.  191 ;  R^p.  Chim.  pure,  1863,  p.  426.) — ^A  base  produced  by  the  action  of 
nascent  hydrogen  on  berbenne,  as  first  observed  by  Hlasiwetz  (Bep.  Chim.  pure, 
1862,  p.  367).  It  is  obtained  by  boiling  in  a  flask,  provided  with  a  condensing  tube 
to  cause  the  vapours  to  flow  back,  a  mixturo  of  6  pts.  berberine,  100  pts.  water,  10  pts. 
distiUed  sulphuric  add,  20  pts.  glacial  acetic  add,  a  quantity  of  granulated  zinc,  and  a 
few  pieces  of  platinum  foiL  The  liquid  gradually  loses  its  colour,  and  as  soon  as  the 
fkt>th  exhibits  a  wine-yellow  colour,  which  it  does  after  boiling  for  an  hour  or  two,  thn 
action  is  stopped,  the  liquid  filtered,  any  crystalline  deposits  that  may  have  formed 
are  dissolved  in  dilute  sulphuric  add,  and  an  excess  of  ammonia  lb  added  after  cooling. 
Hydroberberine  is  then  obtained  as  a  bulky  yellowish  deposit,  which  must  be  collectml 
on  a  filter,  washed,  dried  at  a  gentle  heat,  then  pulverised,  boiled  in  alcohol,  and  puri- 
fied by  repeated  ciystallisation  from  alcohol  Instead  of  predpitating  the  base  by 
ammonia,  it  may  be  advantaffeously  obtained  as  a  hydrochlorate,  by  adding 
common  salt  to  the  original  solution.  The  hydrochlorate  is  then  almost  wholly  depo- 
sited in  the  form  of  a  oystalline  powder. 

Hydroberberine  may  also  be  prepared  by  acting  on  berberine  with  sodium-amalgam, 
but  it  is  then  yelbw  and  more  difficult  to  purify. 

Hydroberberine  is  depodted  from  a  hot  alcoholic  solution,  in  small  shining  granular 
crystals,  or  fiattened  needles,  which  aro  colourless  or  slightly  yellowish,  and  appear  to 
belong  to  the  monodinic  system.  It  differs  from  berberine,  CH"NO*  (the  fonniua  lately 
determined  by  Perrins,  Chem.  Soc  J.  xv.  339),  by  four  additional  atoms  of  hydrogen, 
and  may  be  reconverted  into  that  compound  by  the  action  of  nitric  add.  On  dissolving 
it  in  a  mixture  of  equal  volumes  of  hydrocmoric  add  and  alcohol,  and  dropping  in 
nitric  add  diluted  with  alcohol,  the  liquid  becomes  coloured,  and  deposits  crystals  of 
hydrochlorate  of  berberine. 

MydrcchloraU  of  Hydroberberine,  C^H**N0*.HC1. — Crystals  of  hydroberberine 
spread  upon  a  watdi-g^ss,  under  a  bell-jar  within  which  hydrochloric  add  is  evolved, 
are  converted  into  a  white  powder,  consisting  of  the  hydrochlorate,  soluble  in  warm 
water,  and  crystallising  in  lamina  on  cooling.    The  salt  may  also  be  obtained  by 


Digitized  by 


Google 


186      HYDROBORACITE  —  H  YDEOCAEBONa 

dissolving  the  base  in  hot  hydrochloric  acid ;  the  solution  on  coolins  fbnoas  a  jeUy,  wliiefc 
is  gradaally  transfonned  into  crystals.  It  is  more  soluble  in  alcohol  thaa  in  water. 
Its  solutions  yield  copious  precipitates  with  chloride  of  platinum  ;  finom  a  warm  alco- 
holic solution,  the  platinum-salt  is  more  gradually  deposited  in  orange-yellow  oystaHiiw 
grains,  consisting  of  2{C«»H"N0*.HC1)  J?tCl«. 

The  hydrohromatt  and  hydriodate  are  white,  crystalline,  and  very  slightly  soluble. 

The  nitrate^  which  is  also  crystalline  and  Teiy  slightly  soluble,  is  seldom  obtained 
pure  by  dissolving  the  base  in  nitric  acid,  because  the  acid  decomposes  it ;  better  by 
mixinff  a  hot,  very  dilute  solution  of  the  sulphate  with  nitrate  of  sooiunL — The  Qxalmtt 
crystafiises  in  small  rhombic  plates,  the  photphaU  in  fine  rhombic  plates. 

Sulphates  of  Hydroberberine,  The  neutral  sulphate,  (C"H"N0*)*.H^O*  ia  ob- 
tained by  dissolving  an  excess  of  the  base  in  very  dilute  sulphuric  acid.  The  liquid 
then  deposits  needles  which  fill  it  entirely,  and  after  being  expressed  and  porified  by 
crystallisation,  are  very  soluble  in  water,  and  contain  a  certain  quantity  of  water, 
which  they  lose  by  exposure  to  the  air;  they  likewise  invariably  contain  a  Uttk 
&ee  acid. 

When  the  base  is  dissolved  in  a  slight  excess  of  acid,  large  transparent  rhombohe- 
drons  are  obtained,  approaching  nearly  to  the  cube ;  they  give  off  water  when  exposed 
to  the  air,  and  cannot  oe  dissolved  in  water  without  decomposition.  Th^^ appear  to 
be  a  mixture  of  the  neutral  and  acid  sulphates,  containing  4C*H"NO*.3SH*0*.4HH), 


or 


(C«H«NO*)«SHH)*>  .^T^ 
2(C*»H"N0\SH«O<)  J  •*^^- 


A  moderately  dilute  solution  of  this  salt  mixed  with  excess  of  sulphuric  acid  becomes 
turbid  and  deposits  small  mammellated  crystals,  or  a  resinous  mass,  which  gradaally 
changes  into  ciystals  of  the  acid  salt^  C^H"NO*.SH'0^,  which  may  be  purified  by  re- 
crystallisation  from  alcohoL 

Tartrate  of  Hydroberb&rine  forms  mammellated  groups  of  needles. 

Btliyl-li3rdrolMrtMriiie.  C»H»NO«  »  C»H»(C>H*)NO«.—Hydroberberine  heated 
for  some  hours  in  a  water-bath  with  an  excess  of  iodide  of  ethyl,  yields  a  pasty  maai^ 
which  when  taken  up  by  alcohol,  forms  tufts  of  yellow  rhomboi'dal  prisms,  consisting 
of  hvdriodate  of  ethyl-hydroberberine,  C^H^NO\HI,  very  soluble  in  water,  and  con- 
taining water  of  crystallisation,  which  they  give  off  entirely  at  1 00^.  The  mother-liqoora 
of  the  preparation  still  yield  small  quadrangular  Uminse  of  another  substance,  tha 
admixture  of  which  with  the  first  crystals  must  be  avoided. 

MTBXOBOXAOZTB.      Hydrated     Borate     of     Calcium     and    Magnetiytm. 

3MffO  (  8B*^-18H^-— I^^sembles  fibrous  and  foliated  gypsum.     Colour  white  with 

spots  of  red,  finom  iron.  Translucent  in  thin  plates.  Melts  before  the  blowpipe  to  a 
clear  glass,  tinging  tiie  flame  slightly  green  and  not  becomins  opaque.  Heated  in  a 
tube  it  yields  water.  It  is  sli^hUy  soluble  in  water,  the  liquid  having  a  faint  alkaline 
reaction.  It  dissolves  readily  in  nitric  and  hydrochloric  acids.  It  was  found  by  Heia 
(Pogg.  Ann.  xxxi.  49)  in  a  collection  of  Caucasian  minerals. 

MTBSOBOSOOAXOITB*    Syn.  with  Bobocaxcitb. 

BTBSOBSOBBZO  AOZO.    See  Bbomidb  of  Htdbogbn  (I  672). 

MTBXOB&TOTZV.  CH^^O*'. — An  amorphous  substance,  insoluble  in  ethct; 
but  s<duble  in  alcohol,  produced  by  the  decomposition  of  biyonin  (i.  685). 

BTBSOBVCWO&ZZra.    See  Etanitb  (p.  449). 

BmtOCA&CrZTB.  Hydrated  carbonate  of  calcium,  CaCO*.dHK).  Found  in 
small  rhombohedral  crystals,  forming  an  incrustation  on  wood  under  water.  (See 
Cabbonates.) 

BTBXOOAXaoVS.  Compounds  consisting;  of  carbon  and  hydrogen  only.  The 
number  of  bodies  of  this  class  at  present  known  is  very  great,  but  the  most  impoitant 
of  them  may  be  arranged  in  the  Allowing  groups : 

1.  Alcohol-radidsa     .        .  (C»H*H-i)«  homologous  with  Methyl  (CH>)« 

2.  Hydrides     of     alcohol- 

radicles        .        .        .C-H»»+«  „  Mar8h.gas(CH*) 

3.  defines         .        .        .  C"H*»  „  Ethylene  or  defiant  gas  (C^*) 

4.  Hydrocarbons  .  C-H*»-»  „  Acetylene  (CH') 

5.  Camphenes  or  Terebenes  0"H*»-*      isomeric  with  Turpentine,  C*^" 

6.  Hydrocarbons        .        .  C»H^— •  homologous  with  Benzene  (C*H*) 

7.  Hydrocarbons        .        .  C»H*»-"  „  Naphthalene,  C'»H» 

The  most  fruitful  source  of  hydrocarbons  is  the  dry  or  destructive  distillation  of 
organic  bodies^  the  nature  of  the  products  varying  according  to  the  temperature  at  whidi 
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188  HYDROCARBONS. 

The  amvlene  in  all  these  oomponndfi 
>r  the  acid,  and  is  set  at  liberty  on  the 
he  amyi-compounds,  the  group  C*H", 
(tate,  is  easily  transferred  from  one  cot 
ible  difficult  that  two  molecules  of  it 
iree  amyi,  C'*H« 

Hexylene,  C*H",  also  unites  with  hy 
irater  and  oxide  of  silver,  yields  a  h^dra 
XMsibly  identical  with  the  0  hezyhc  al 

The  formation  and  properties  of  the  i 
iii.  180)  have  already  been  considered, 
s  no  essential  difference  between  th< 
lydrides  (pp.  144,  182). 

Of  the  hydrocarbons,  OH*"-*,  hon 
»btained,  tiz.  acetylene, C*H'  (ill 
ene,C*H»(ii.966). 

Of  the  hydrocarbons,  OH*  -  •,  homolo| 
yU*  (i.  641),  benzy lene  or  toluene, 
iL  178), and  cjrmene.  C»»H"(ii  296). 
Dg  i^ene,  which  will  be  described  in  its 
re  produced  by  the  destructiye  distilla:! 
smperatures ;  also  in  a  ^reat  yariet^  o 
istinguished  hj  the  facility  with  which 
rated  nitric  acid,  e.^.  n  i  t  ro  b  e  n  K  e  n  e,  C 
ily  liquids  of  rather  high  boiling  point 
arbons  from  others,  such  as  the  alcofa 
p.  146).  Tha  same  compounds  subject 
alphydric  add  or  ferrous  acetate,  yield 
enyed  from  the  nitro-compound  by  s 
^.  aniUne,  C^*(H^),  ttom  nitrobcai» 

The  campheneSjOr  terebenes,C" 
>rmed  in  a  great  number  of  plants.    I 

The  hydrocarbons  are  the  simplest  o 
B  the  Starting-points  from  which  all  ot 
ion  (see  Nuclbus-thbobt  and  Radici 
bemists  has  been  yeiy  much  directed  t 
[>mpouiids  directly  from  their  inorgani 
ie  formation  of  a  great  number  of  t] 
pithesis  of  their  elements,  becomes  t 
essful  efforts  in  this  direction  have  beei 
'ho  has  succeeded  in  producing  certai 
lements  carbon  andhydrogen,  and  frioi 

1.  Acetylene,  C*H',  is  produced  w. 
right  redness  by  the  electric  arc.  This 
trms  cuprous  acetylene,  C*(Cu*)1E 
r  nascent  hydrogen  (evolved  by  the  ad 

C«H«  + 
Acetylene. 

thylene  thus  obtained  may  be  convertc 
>mpound8,  ethers,  acetones,  acids, 

2.  Hydrocarbons  may  be  formed  fro: 
lents,  such  as  water  and  sulphide  of  c 
ilphydric  acid  and  sulphide  of  carbon 
Mtt,  yields  marsh-gas: 

CS«  +  2H«S  + 

[arsh-gas  may  also  be  formed  from  ca 
MS,  yiz.  by  first  converting  the  latter  o 
Hd  (CO  +  H«0  =  CHH)«,  ii.  688),  th 
lit,  for  example,  to  dry  distillation : 

2C«H«BaO*  =  C 

[arsh-gas,  mixed  with  an  eoual  volume  o 
fid  this  ether  distilled  witn  potat«h,  yiel 
y  the  addition  of  1  at.  oxygon  to  mart 
hylene  by  the  addition  of  Uic  element 
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ftleohols  from  hydrocarbons  are  general,  the  former  appljring  to  all  homolognea  of 
mATsh-gas,  the  latter  to  all  homolosnes  of  ethylene. 

S.  A  hydrocarbon  may  be  transformed  into  another  of  greater  complexity :  a.  By 
dTtct  c^ndenmUoru  Mush-gas  raised  to  a  Terr  high  temperature,  or  subjected  to  the 
action  of  a  series  of  induction-sparks,  is  conreried  into  a  cety  1  e  n  e,  which  contains  twice 
Che  quantity  of  carbon  in  the  same  volume :  2CH*  *  OBl*  +  H^  The  condensatioa 
of  manth  gas  may,  however,  be  carried  considerably  further,  and  made  to  yield  naph* 
thalene,  a  hyw)carbon  containing  ten  times  as  much  carbon  in  the  same  volume : 
lOCH*  ■-  C**H*  -¥  H"  viz.  by  endosing  the  marsh-gas  in  a  tube  of  very  refrac- 
tory glass,  and  keeping  it  for  several  hours  at  a  temperature  as  near  as  possible  to 
that  at  which  Bohemian  gkss  softens.  The  condensation  may  also  be  efiected  by 
sulpecting  the  vapour  of  toomoform,  CHBr"  (tribrominated  met  hylic  hydride),  to  the 
action  of  copper  at  a  red  heat>  so  as  to  remove  thebromine.  The  residue,  CH,  then 
suffers  a  six-fold  condensation,  yielding  benzene,  C*H*. 

b.  By  the  union  of  two  simple  molecules  into  a  more  complex  molecule.  Thus, 
when  a  mixture  of  marsh-gas  and  carbonic  oxide  is  slowly  passed  through  a  tube 
heated  to  low  redness,  tritylene,  CH",  is  produced: 

2CH*  +  CO     -     C^«  +  H«0. 
This  reaction  may  perhaps  explain  the  formation  of  a  small  quantity  of  tritylene  in 
the  distillation  of  formate  of  barium ;  and  it  is  doubtless  to  reactions  cf  the  same  order 
that  we  may  attribute  the  production  of  hydrocarbons  of  the  same  series,  which  has 
been  experimentally  demonstrated  as  high  as  amvlene,  in  the  distilktion  of  acetates. 

There  are  also  other  ways  in  which  complex  Ihydrocarbons  may  be  built  up  by  the 
onion  of  those  of  more  simple  constitution.  Wurts  has  shown  (Ann.  Ch.  Phann. 
cxxiii.  202;  cxxvii  66),  that  amy  lane,  OH'*,  may  be  produced  by  the  union  of  the 
alcohol-radides  ethyl  and  all^: 

C«H»  +  C»H»     -     C»H»». 

this  combination  being  brought  about  by  the  mutual  action  of  zinc-ethyl  and  iodide 
of  allyL  A  number  of  other  hydrocarbons  are,  however,  formed  at  the  same  time,  the 
following  having  been  isolated  and  analysed : 

C*H*  cm*  C*H"  C*H»«  C^'»  C'»H» 

Ethylene.        Tritylene.        Aroylene.       *'*jjlljf.®'  AUyL  Decstylene. 

The  ethylene  and  tritylene  are  produced  by  the  mutual  action  of  the  ethyl  and 
allyl  groups:  Qt^%  ^  C«H»     -     C*H*  +   C»H«. 

Decatylene,  C'*H**,  results  from  the  condensation  of  two  molecules  of  amylene  into  one. 
Bemdes  these  compounds,  there  are  also  formed  other  hydrocarbons,  boiling  above 
IWP  (decatylene,  the  least  volatile  of  those  above-mentioned,  boils  at  160^),  and  con- 
taining like  allyl,  a  smaller  proportion  of  hvdrogen  than  the  olefines.  The  formation 
of  these  hydrocarbons  explains  that  of  hydride  of  amyl,  in  which  the  proportion  of 
hydrogen  is  larger  than  in  the  olefines. 

The  hydrocarbon,  C*H'*,  obtained  in  the  reaction  just  described,  possesses  the 
principal  physical  and  chemical  properties  of  amylene  produced  from  amylic  alcohol 
by  the  action  of  chloride  of  zinc,  and,  therefore,  is  not  merely  an  isomer  (ethyl- 
allyl)  of  that  compound.  This  formation  of  amvlene  from  two  hydrocarbons  of  lower 
molecular  weight  is  analogous  to  that  of  chloride  of  heptyl,  C^H^KH,  by  the  action  of 
Alorine  on  ethyl-amyl,  (?H».C»H",  and  of  chloride  of  decatyl,  C'»H«C1,  by  that  of 
chlorine  on  amy!  itself,  observed  by  Schorlemmer. 

STBSOCUUUBOXT&ZO  JLCOM.  (Lerch,  Ann.  Ch.  Pharm.  cxxiv.  20;  R^. 
Chim.  pure,  1863,  p.  143;  Jahresb.  1862,  p.  276.)-— This  name  is  applied  to  three  ados 
produced,  together  with  others,  by  the  decomposition  of  carboxide  of  potassium,  the 
black  amorphous  substance  formed  in  the  preparation  of  potassium  in  the  ordinary  way, 
and  likewise  by  the  direct  combination  of  potassium  with  carbonic  oxide.  This  sub- 
stance remains  unaltered  when  kept  in  rock-oil  or  in  a  dry  vacuum,  but  when  exposed 
to  the  air,  it  absorbs  moisture  rapidly,  acquiring  a  cheny-red  and  finally  a  vellow 
colour :  it  absorbs  oxygen  only  when  moist  When  treated  with  water,  alcohol  or 
ether,  out  of  contact  with  Uie  air,  it  gives  off  gas,  and  leaves  a  black  ^utinous  substance, 
which  turns  red  on  exposure  to  the  air,  and  dissolves  in  water  with  red  colour  and 
without  disengagement  of  ^  This  mass  yields,  besides  oxalic  add,  three  series  of 
adds,  indudi^  croconic  acid  (ii.  109). 

Perfectly  uttered  carboxide  of  potassium,  to  which  Brodie  assigns  the  formula 
C»H"K»,  yields,  when  treated  with  hydrochloric  add,  an  acid  crystallising  in  white 
needles  and  having  the  composition  C**H»*0'*;  this  is  trihydrocarboxylic  acid. 

If  the  carboxide  of  potassium  be  first  treated  with  alcohol  and  then  with  hydro- 
chloric arid,  it  yields  black  needles  of  dihy  drocar  boxy  lie  acid,  C*H*0*  or  C'HH)** 
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hftfl  hiid  aooess  to  the  maas  before  or  after  the  treatment  with 
yields,   with  hydrochloric  acid,  daric  garnet-red  ciyBtals  of  h< 
Exid,  C»«H«0'«. 
the  mass  has  been  lei 
eated  with  hydrochlc 
>ta88iam-8alti  of  whi 
'•.  On  attempting  to 
y,  are  obtained,  beii 
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to  these  acida,  cro 
h.t  molecole),  and  oi 

ition  of  dihTdrocarb< 
xlrocarbozylie  acid  if 

C"H»K)'»  + 
C'»H«0»»  + 
C»»H«0»»     + 

'ocarhoxylie  acid, 

srred,  by  the  action  ( 
1  exposed  to  the  air 
■ilky  needles  which, 
>nTerted  into  dihydti 
e  to  the  action  of  ozic 
tozylic  add,  with  ev< 
lie,  6  at.  are  easily  r 
rdrocarlxHi^lic  hydro 
lie,  and  eaoly  replace 
n-saltalso,  C'»K'»0" 
I  remaining  4  at  K  j 
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Tlic  add,  2  at.  H,  re 
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iy  soluble  or  insolub 
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ling  monodinic  cry« 
Uyellow  colour,  and 
\  dissolve  readily  in 
mitted,  violet  by  refl 
of  this  add  are  as  un 
ack,  soluble  in  water 
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561,  p.  764).— A  sul 
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hot  alcohol,  and  finallv  by  boiling  with  water.  It  ii  tasteless  and  inodoroas,  OTStalliseii 
in  Urge  colonrifm  silky  laminip,  fit>m  ether  in  flat  rhombic  prisms ;  is  lighter  than 
water  (which  does  not  wet  it) ;  melts  at  126*8^ ;  dissoires  in  alcohol,  and  more  easily  in 
ether,  sulphide  of  carbon,  bcmene,  Tolatile  oils,  and  chloroform.  When  heated  above 
100^,  it  turns  yellow  to  yellowish  red;  after  fusion  it  remains  amorphous,  and  then 
dissolves  less  easily  in  benzene  and  sulphide  of  carbon. 

H^ilrocarotin  is  not  precipitated  fhom  its  alcoholic  solution  by  metallic  salts  or 
tannic  add ;  it  is  not  altered  by  the  action  of  caustic  alkalis,  strong  adds,  or  oxidising 
agents :  with  fuming  nitric  acid^  it  appears  to  form  a  nitro-oompound.  Strong 
tulpkurie  acid  colours  it  red  and  dissolves  it  completely  at  a  gentle  heat,  forming  a 
solution  from  which  it  is  predpitated  by  water  apparently  unaltered,  but  in  the  amor- 
phous state.  With  chlorine  it  forms  a  resinous  substitution-product,  C'H'^Cl*© ;  with 
bromine  a  similar  body,  C*'H''firK),  whose  ethereal  solution,  when  treated  vrith 
alcoholic  potash,  gives  up  bromine^  and  forms  a  yellowish-red  substance  soluble  with 
blood-red  colour  in  sulphide  of  carbon.  Iodine  also,  in  sunshine,  appears  to  fonu  a 
subetitution-prodact  witn  hydiocarotin. 

See  Lamthaiotr. 

See  Htdboquikoiis. 

See  Ptbochloiul 


BTBXOCB&omZO  AOZB.    See  Chlobhtdbio  acid  (i.  890). 

BTBmoCSmTSAllZDB.  0'H*N*0'.  (Schunck,  Ann.  Ch.  Pharm.  Ixv.  231.) 
— ^A  compound  produced  by  the  action  of  reducing  agents  on  chrysammic  add  (i.  955). 
It  may  be  prepfured  by  adding  chrysammic  acid  to  a  boiling  solution  of  sulphide  of  po- 
tassium containing  excess  of  caustic  potash ;  or  to  a  boiling  solution  of  protochloride  of 
tin,  afterwards  remon'ng  the  excess  of  add,  dissolving  the  residue  in  boiling  potash, 
and  leaving  the  solution  to  crystallise.  It  is  difficulty  however,  by  the  latter  method  to 
obtain  it  £ree  from  oxide  of  tin. 

Hydrochrysamide  forms  needle-shaped  crystals,  of  a  fine  blue  colour  by  transmitted, 
and  metallic  red  by  reflected  lieht.  Heated  in  a  small  tube,  it  gives  off  violet  vapours, 
which  condense  in  crystals  on  tlie  cold  parts  of  the  tube ;  the  greater  part,  however,  is 
decomposed,  givine  off  ammonia  and  leavine  charcoal  It  is  insoluble  in  boiling 
watcr^  and  sparin^y  soluble  in  boilins  alcoh<Sf  to  which  it  imparts  a  faint  blue  tint. 
It  is  dissolved  by  strong  eulphuric  acid^  and  reprecipitated  in  blue  flakes  by  water. — 
It  is  decomposed  by  boiling  nitric  acid,  and  by  chlorine  In  presence  of  water.  It 
dissolves  in  potaek  and  in  alkaline  carbonatee,  forming  solutions  of  the  colour  of 
sulphindigotic  add ;  adds  predpitate  it  therefirom  in  blue  flakes. 

C^'H^N"  -  NXC^^'.     Oinnhs^ramide.    Hydride  of 


Asocinnamyi,  (Laurent^  Bev.  adeni  x.  119.)'pEoduoed  by  the  action  of  ammonia 
on  hydride  of  dnnamyl : 

3CfH»0  +  2ira»  -  N«(Cra«)«  +  8HK). 
When  purified  by  recrystallisation  from  hot  alcohol  and  ether,  it  forms  colourless  right 
prisms  with  rectangular  base,  but  haying  their  bases  replaced  by  two  trianfi;ular  facets, 
meeting  at  a  veiy  obtuse  an^^  It  is  inodorous,  insoluble  in  water,  fiiaible,  and  soli- 
difies on  cooling  to  a  transparent  amorphous  mass  like  gum.  It  is  decomposed  by 
distillation,  yielding  an  oil  and  a  solid  substance.  It  is  not  decomposed  by  boiling 
hydrochloric  add,  or  by  alcoholic  potash ;  but  boiling  nitric  add  decomposes  it,  yidding 
a  raodoct  which  mdts  in  boiling  water. 

Dumas  and  Peligot.  by  treating  oil  of  cinnamon  with  dry  ammonia  gas,  obtained  a 
product  which  crystaUised  from  dcohol  and  ether  in  silky  tufts,  and  to  which  they 
assigned  the  formula  CH*O.NH',  but  it  probably  consisted  mainly  of  hydrocinnamide. 
(Gerhardfe  TraiU,  iii.  886.) 

snBOOOmA  ASZATIOA.  a  plant  used  in  India  as  a  remedy  against 
various  cutaneous  diseases.  According  to  Lepire  (J.  Pharm.  [3]  zxviii.  47),  it 
contains  a  peculiar  principle,  veil ar in  (ttom  the  Tamul  name  of  the  plant, 
raOArai),  which  he  describes  as  a  bitter,  strong-smelling  oil,  soluble  in  weak  alcohol 
and  in  ether,  thickening  on  exposure  to  the  air,  soluble  in  aqueous  ammonia,  insoluble 
in  potash. 

STBSOCmoCOVZO  AOZB.  C'E^O**"^  g,    jO«.    (Lerch,  Ann.  Ch.  Pharm. 

cxxiv.  20.)— An  add  produced  by  the  action  of  hydriodic  add  on  croconate  of  potas- 
sium in  closed  vessels.  On  mixing  the  product  of  the  reaction  with  alcoholic  potash- 
■olntion,  hydrocroconate  of  potassium,  C^H'KK)^,  separates  as  a  din^  red  precipitate, 
wfaieh  erystallisw  from  hot  water  in  crimson  needles.    The  blood-rM  solution  of  this 
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converted  into  cioconate  (and  a  small  quantity  of  oxalate)  of  potaoiii 
re  to  the  air,  especially  in  presence  of  alkali. 

rocroconic  acid  is  soluble  in  vater,  alcoholy>and  ether,  and  does  not  czyvt 
trium'Sali,  C*H'Ba"0*,  is  a  pseony-red  precipitite,  soluble  in  hydroc! 
le  in  acetic  acid.    The  lead-salt,  C*U'Pb"0*,  is  also  a  red  precipitate. 

DSOOTAVBAXMA&ZVa.     See  Harmaunb  (p.  8). 

DSOCTAJrZC  ACZB.    See  Cyanidb  of  Htdrogbh  (ii.  214). 

DSOBO&OMXTB.  A  h^dromagnesite,  haying  part  of  the  magnesium  re 
ium.  Occurs  on  Somma  in  isolated,  sinter-like,  globular  or  stalactiUc,  ( 
,  hariug  a  white  or  yellowish  white  colour.  Acconling  to  Kobell  (J.  pr. 
304),  it  contains  25*22  per  cent,  lime,  2428  magnesia,  33*10  carbonic  aDh3 
•40  water:  whence  the  formula  3[(Mg;  Ca)"00«.H«0]  +  MgfHH)«.  (] 
erg.) 

DSO-B3.BCTmZC  MAOBZmL     See  Elbcteicitt  (ii.  408). 
DSOFBltSXCTAVlO  ACZB.     See  Fuuuctaiodbs  (iL  244). 
DSOFSamOCTAVZO  AOZB.    See  Fsbboctaxidbs  (ii  226). 
DSOr&VOBO»ATB8.    See  Boron,  Fluobidb  of  (I  632). 

DSOVlbVOBZ&ZCULTBSs      See  Sn^'^'^*    Pr  Tm-Dma  nv 

DROOAXJLCTOMBTXB.      An 

.  pr.  Pharm.  zz.  65 ;  Jahresb.  185 
idded  to  normal  milk.  The  milk  is 
id  the  volume  of  the  curd,  separated 
lat  obtained  in  a  pri^njlftr  manner  firoi 
DXOOBW.  Atomic  weight  »  1. 
retitum.)— The  older  alchemists  do  n 
rhe  evolution  of  an  air  duriiig  the  e 
.  in  the  sixteenth  century  by  f  arac 
9d,  was  observed  in  the  seventeenti] 
kids  (1672)  by  Boyle,  in  his  "New 
and  Air."  t  e  m  e  py  in  1 700  obsen 
gas.  But  the  first  exact  experim< 
idish,  who  showed  that  it  is  a  pecu] 
lat  it  is  produced  when  iron,  zinc, 
iloric  acid ;  and  that  different  metal 
imated  its  specific  gravity  at  ^  of  th 
inflammable  air  generated  in  tnese  ] 
I  with  other  kinds  of  inflammable  au 
tion  of  organic  bodies,  by  the  impeif 
fee,  all  of  which  were  supposed  to  < 
le  modified  by  the  admixture  of  oth 
s  inflammable  principle  developed  in 
e  metal,  and  that  it  was  either  phlo| 
production  of  moisture  in  the  bumi] 

by  Macquer  and  Be  la  Methe 
hat  the  only  product  of  the  combust 
en,  like  other  combustible  bodies,  pro 
Msfiil  experiments  to  obtain  this  ac 
3  product  of  the  combustion  of  hyd 
i)lishod  in  1783.  Cavendish  showed 
tion  1,000  volumes  of  air  (which  coni 
Tu.  exactly  420  volumes  of  hydrogen 

gases  are  burnt  tx)^ether  in  certain 
;  but  slight  impurities  remaining  be! 
ed  by  the  experiments  of  Lavoisie 
(y*.  -  Hydrogen  is  never  found  in  th« 
B  greatest  abundance  is  marsh-gas,  € 
me-ninth.  It  occurs  in  smaller  qv 
;  iodine,  bromine,  carbon  and  nitrogi 
nic  compounds. 

iro^ibn.  -Hydrogen  is  generally  obtj 
cids. — 1.  It  is  produced  in  the  state 
ad  in  the  article  Anixtsis  of  Ga.sb8 
J  passing  vapour  of  water  over  iron  u 
tally  in  a  furnace,  and  heated  to  brij 
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into  femMO-feme  oxide,  FeK)\  while  hydrogen  gas  passes  over,  and  maj  be  collected 
orer  vater. 

8.  Bj  introdacing  potassium  or  sodium  into  an  inyerted  tube  or  cylinder  filled  with 
water  or  alcohol,  and  standing  in  a  vessel  of  the  same  liquid.  It  is  best  to  wrap  tha 
metal  in  a  piece  of  paper  before  phmging  it  under  the  mouth  of  the  cylinder: 

HH)  +  Na    -    NaHO       +  H. 
Hydrate  of 


C«H«0  +  Na     «     C«H^aO  +  H. 
Alcohol.  *^?i!»' 


4.  By  diasolrinff  sine  or  iron  in  sulphuric  add  diluted  with  an  eight-fbld  quantitj 
of  water,  or  in  hytbochloric  add  diluted  with  twice  its  weight  of  water : 

H«SO«  +  Zn     -  ZnSO«  +  H«, 
and  2RCI  -f  Zn     »   Zna*  +  H*. 

This  is  the  most  oouTenient  method  of  obtaining  the  gas  for  general  |mrposes. — 5.  Bj 
diaK>lTinff  sine,  in  contact  with  iron  or  platinum,  in  soludon  of  caustic  potash,  zincate 
of  potassium  being  then  formed : 

2KH0  +  Zn    -   ZnKK)«  +  H«. 
Hydrate  of  ZiDcatooT 

poUMiuiB.  poUMlum. 

The  use  of  the  iron  is  .to  form  an  electric  couple  with  the  sine,  the  latter  then  acting 
on  the  poeitiTe  or  active  metal. 

6.  Bj  acting  on  cuprous  hydride  with  hydrochloric  add : 

Cu«H*     +     2HCI      -        Cu«a«    -¥    2H«. 

7.  By  heating  formatea  or  oxalates  with  excess  of  hydrate  of  potassium,  sodium,  or 


CHKO*     +     KHO     -  CKW  +     W. 

Forinale  of  Carbonate  of 

potaMlum.  potattium. 

CKS)*     +   2KH0     »      2CKH)»    +     H«. 

Oxalate  of 
potatttom. 

8.  By  the  action  of  hydrate  of  potasdum  on  certain  organic  bodies  hanng  a  teodeiM^ 
to  tofrm  adds  by  oxidation : 

C*H«0     +   KHO     -    CH'KO*  +  H«. 
Hydride  of  Benioate  of 

beosojL  poCaatlom. 

IStrifieatum.^'Hy^iogpn  prepared  by  dissolring  dne  or  iron  in  sulphuric  add — 
whidi  is  the  method  most  used— may  contain  the  following  impurities : — I.  Sulphurous 
meid,  if  this  add  is  present  in  the  sulphuric  add  used. — 2.  NUr<m$  oxide  or  nUrio 
oxide  oas,  if  the  sulphuric  add  contains  nitric  oxid^  nitrous  add,  or  nitric  add. — 
S.  Sulpkydrie  aeid^  u  the  sine  contains  sulphide  of  sine,  or  if  the  sulphuric  add  con- 
tains sulphurous  add — or  if  a  fresh  (quantity  of  strong  sulphuric  add  do  added  to  the 
dilute  add  already  acting  on  the  sine,  without  mixing  it  wdl  with  the  liquid.^ 
4.  PkonkoreUed  hydrogen^  if  the  dnc  contains  phosphorus. — 6.  Arsenetted  kyaroaen^ 
it  Uie  zmc  contains  arsenic,  or  if  the  sulphuric  add  contains  arsenious  add.--6.  &ir- 
home  amkydride  has  oocadonally  been  observed  in  hydrogen  prepared  with  peculiar 
kinds  of  sine.  These  impurities,  which  sive  the  gas  an  unpleasant  odour,  may  be 
removed  by  passing  it  over  substances  which  absorb  or  decompose  the  adventitious 
gases.  Dumas  passed  the  gas  through  two  U-tubes,  each  about  three  feet  long,  and 
filled  with  broken  ^ass,  the  ^ass  in  the  first  tube  being  moistened  with  nitrate  of  lead, 
which  removes  the  sulphydnc  add,  and  that  in  the  second  with  sulfate  of  silver,  bv 
which  the  arsenetted  hyc&ogen  is  separated ;  then  through  a  third  U-tube  filled  with 
fragments  of  pumice-stone  saturated  with  strong  potash ;  and,  lastly,  to  render  it  anhy- 
dnms,  first  tlut>ugh  a  tube  containing  frsgments  of  hydrate  of  potasdum,  then  through 
another  containing  phosphoric  anhycuide  or  pumice-stone  soaked  in  oil  of  vitrioL  To 
avoid  the  presence  of  oxides  of  nitrogen,  it  is  best  to  use  sulphuric  add  perfectly  free 
frtmi  those  oxides. 

Hydrogen  gas  obtained  by  the  use  of  iron  may  contain  the  same  impurities  as  that 
prei^red  with  zinc—and  in  addition :  - 1.  Ferruretted  hydrogen^io  be  removed  by 
fuming  nitric  add  or  solution  of  mercuric  chloride;  and  2.  The  vapour  of  an  oily 
bydroQubon,  wbich  is  produced  in  lai|p;er  quantity  as  the  iron  contains  more  carbon, 
and  communicates  a  peculiariv  repulsive  odour  to  the  ns.  It  may  be  removed  by 
pairaing  the  gas  through  alcohol,  and  the  alcohol  may  be  uterwardf  P<>parated  by  water. 

YoLin.  o 
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196  HYDROGEN,  PEROXIDE  OF. 

3Mozlde«  or  Peroxide  of  Bydrofen.  HO  or  H*0^ — This  remarkable  com* 
pound  wais  diacovered  by  Th^nard  (TraiU  de  Chifnie^  4"^.  M.  it.  2,  41).— It  it 
produced  when  peroxide  of  potassium,  sodium,  barium,  strontium,  or  calcium  is  digested 
m  any  acid  which  forms  a  soluble  salt  with  the  base  resulting  from  the  decompositioQ 
of  the  peroxide,  the  excess  of  oxygen  not  escaping  as  gas,  but  passing  oyer  to  a  portioo 
of  the  water,  and  converting  it  into  peroxide  of  hydrogen,  e.g. : 

BaO  +  Ha    »     2Baa  +  HO. 

PreparcUion. — ^Pure  baryta  is  prepared  by  igniting,  in  a  porcelain  retort^  nitratt  ol 
barium  fne  from  iron  and  manganese.  The  banrta,  broken  into  pieces  about  the  size 
of  a  nut^  is  then  put  into  a  coated  glass  tube  and  heated  to  low  redness,  while  a  current 
of  oxygen  gas  free  from  carbonic  acid  and  dried  by  means  of  quicklime,  is  passed  ot« 
it  For  the  first  eight  minutes  the  gas  is  eagerly  absorbed  by  the  baiyta.  After  it  has 
begun  to  escape  from  the  farther  end  of  the  tube  (to  which  a  gas  deliTeiy-tube  passing 
underwater  is  fitted),  the  stiieam  is  still  kept  up  for  the  space  of  ten  or  fifteen  minutes. 
The  peroxide  of  barium  obtained  by  this  process  is,  after  cooling,  preeerred  in  a  bottle. 
In  the  next  place,  200  grms.  of  water  are  mixed  with  as  much  hydrochlorie  acid  as  will 
neutralise  about  16  grms.  of  baryta.  Into  this  liquid,  contained  in  a  cylinder,  or 
better,  in  a  dish  of  silver  or  platinum  kept  cool  by  surrounding  it  with  ice,  12  grms.  d- 
peroxide  of  barium,  slightly  moistened  and  rubbed  up  in  an  agate  mortar,  are  intro- 
duced by  means  of  a  wooden  spatula :  on  agitating  or  stirring  the  liquid  with  the  pestle; 
the  whole  dissolves  completely  and  without  effervescence.  The  baryta  is  next  pre- 
cipitated by  sulphuric  acid,  added  drop  by  drop  till  slightly  in  excess :  the  presence  ot 
an  excess  of  the  acid  may  be  known  by  the  sulphate  of  barium  falline  down  more 
quickly  than  before.  12  grms.  more  of  the  peroxide  are  then  dissolved  in  the  same 
liquid,  and  likewise  precipitated  by  sulphuric  acid.  The  liquid,  which  now  contains 
hydrochloric  acid,  sulphuric  add,  a  large  quantity  of  water,  and  a  small  quantity  ci 
peroxide  of  hydroeen,  is  next  separated  by  filtration  from  the  sulphate  of  barium,  the 
precipitate  washed  with  a  little  water,  and  the  last  wash-water  retained  for  future 
washings.  The  filtrate  is  sgain  mixed,  as  above,  twice  with  peroxide  of  barium,  and 
twice  with  sulphuric  acid.  The  filtration  is  then  repeated,  and  the  process  oontinuf4 
in  the  same  way,  till  90  or  100  grms.  of  the  peroxide  are  consumed.  The  liquid  thus 
obtained  would,  on  decomposition,  yield  from  26  to  30  measures  of  oxygen  gas.  To 
separate  silica,  alumina,  sesquioxide  of  iron,  sesquioxide  of  manganese,  6c.,  whidi  mo- 
ceed  from  the  porcelain  retort  in  which  the  nitrate  of  baiyta  was  ignited,  the  liquid  is 
mixed  with  concentrated  solution  of  phosphoric  acid  (2  or  3  pts.  of  phosphoric  add  to 
100  pts.  of  peroxide  of  barium) — then  surrounded  with  ice,  and  supersaturated  with 
pounded  peroxide  of  barium:  silica  and  the  phosphates  of  iron,  manganese,  and 
aluminium  then  separate  rapidly  in  flakes,  and  must  be  separated  from  the  liquid  by 
filtration  through  linen,  and  if  necessary  through  paper.  The  presence  of  a  large 
qiuintity  of  sulphate  of  barium  renders  the  filtration  difficult  (If  no  phosphoric  aad 
were  present,  the  sesquioxides  of  iron  and  manganese  would  Ml  down  by  themselves, 
and  ^ye  rise  to  a  rapid  evolution  of  oxygen  gas ;  but  when  they  are  mixed  with  phos- 
phonc  add,  they  do  not  produce  this  dSect)  Should  the  liquid  still  contain  portions 
of  these  oxides,  they  must  be  separated  by  the  addition  of  a  slight  excess  of  baiyta- 
vrater ;  whereupon,  the  liquid  must  be  immediately  and  rapidly  filtered  through  several 
filters  at  once,  and  the  filters  squeezed  between  linen  to  get  all  out  The  whole  of  the 
baiyta  must  then  be  separated  by  carefully  adding  sulphuric  add  in  veiy  sliffht  excess, 
and  filtering.  The  filtrate  now  contains  nothing  but  water,  peroxide  of  hy(ut)gen,  hy- 
drochloric add,  and  a  very  little  sulphuric  add.  To  separate  the  hydrochloric  add, 
the  liquid  is  surrounded  with  ice,  ana  mixed  with  sulphate  of  silver.  In  the  first  vH^et, 
sulphate  of  silver,  obtained  by  heating  nitrate  of  silver  in  contact  with  oil  of  vitnol  in 
a  platinum  crudble,  is  introduced  in  the  form  of  powder  into  the  liquid— the  whole 
beinff  constantly  stirred  tUl  the  liquid  becomes  dear,  a  sign  that  the  hydrochloric  add 
is  wholly  or  neariy  predpitated.  Any  hydrochlorie  add  that  may  still  remain  must 
be  sepanited  by  cautiously  adding  more  sulphate  of  silver.  If  the  latter  has  been 
added  in  excess,  it  must  be  predpitated  by  car^fblly  droppins  in  a  dilute  solution  of 
chloride  of  barium.  The  liquid  should  contain  neither  hycuochloric  add  nor  silver,  and 
should  therefore  ^ve  no  predpitate  dther  with  solution  of  silver  or  with  hydrochloric 
add.  The  chloride  of  silver  is  sep^ated  by  filtration  and  pressure,  any  portion  of 
li<;^uid  which  comes  through  turbid  being  filtered  over  again.  To  remove  the  sulphuric 
acid  also,  and  obtain  a  pure  mixture  of  water  and  peroxide  of  hydrogen,  the  liquid  is 
l^aoed  in  a  glass  mortar  surrounded  with  ice,  and  rubbed  up  with  daked  baryta 
previously  pounded  and  difi\if<ed  through  water :  the  baryta  is  added  till  the  sulphuric  add 
IS  very  nesurly  saturated.  The  liquid  is  then  filtered,  the  filter  pressed  between  linen, 
And  bsfjrta- water  added  in  slight  excess .  this  often  occasions  the  precipitation  of  oxide 
of  iron  and  oxide  of  manganese,  as  well  as  sulphate  of  barium;  hence  the  filtration 


Digitized  by 


Google 


HYDROGEN,  PEROXIDE  OF.  m 

most  be  mpidlj  performed.  The  excess  of  baiyta  is  removed  hy  c;»atiou8ly  adding 
dilute  sulphuric  acid,  so  that  there  may  be  rather  a  very  slight  excess  of  the  acid  than 
of  the  buyta.  The  whole  of  the  sulphuric  add  may  likewise  be  removed  by  means 
of  carbonate  of  barium  obtained  in  a  finely-divided  state  by  precipitation^  instead  of 
by  slaked  baiyta  and  baiyta-water.  Finally,  t^  separate  the  whole  or  nearly  the 
nAole  of  the  water,  the  vessel  containing  the  liquid  is  placed  in  a  dish  containing  oil 
of  vitriol,  and  the  whole  placed  under  a  receiver  of  tne  air-pump :  the  water  then 
•vaporates  before  the  neioxide  of  hydrogen.  The  fluid  is  agitated  fix)ra  time  to  time. 
If  it  should  deposit  flakes  of  silica,  whidi  give  rise  to  the  escape  of  oxygen  gas,  it  must 
be  decanted  off  firom  them  by  means  of  a  siphon :  if  it  should  evolve  oxygen — which  it 
will  do  as  soon  as  it  is  so  fiur  concentrated  as  to  contain  about  250  times  its  vdume  of 
ajgen — two  or  three  drops  of  sulphuric  add  must  be  added  to  it.  The  concentration 
Bust  be  stopped  after  a  few  days,  when  the  liquid  is  brought  to  such  a  state  that  when 
deeompoaed  it  would  evolve  476  volumes  of  oxygen  ^ ;  for  this  residue,  if  Idft  longer 
IB  vacuo,  would  evaporate  as  a  whole.  The  peroxide  of  hydrogen  must  be  kept  in 
long  glass  tubes  dooed  with  stoppers  and  surrounded  with  ice ;  but,  even  under  these 
cireumstanoM,  it  decomposes  slowly  and  evolves  oxygen  gas.     (Th^nard.) 

2.  Peroxide  of  barium  is  decomposed  by  hydrateo  hvw)fluoric  add  or  solution  of 
hydrofluosilidc  add,  the  whole  bein^kept  constantly  cool :  in  this  case,  insoluble  fluoride 
of  barium  or  double  fluoride  of  silicium  and  barium  separates  at  once.  As  soon  as 
sufficient  quantities  of  add  and  peroxide  of  barium  have  been  mixed,  the  peroxide  of 
hydrogen,  still  fiontAJning  a  large  (quantity  of  water,  is  flltered  from  the  predpitate  and 
oonoentrs^  in  vacuo  over  oil  of  vitrioL    (Pelouze,  Bers,  Lekrb.  i.  411.) 

Properties. — Colourless  transparent  liquid,  of  spedflo  gravity  1*462 ;  it  does  not 
frttese  at  ->30^;  evaporates  in  vacuo  at  ordinary  temperatures  without  decompo- 
sition, though  much  less  readily  than  water;  does  not  redden  litmus,  but  gradually 
bleaches  both  litmus  and  turmeric  paper;  has  a  harsh,  bitter  taste,  similar  to  that  of 
tartar-emetic;  whitens  the  tongue  and  thickens  the  saliva;  when  placed  upon  the 
hand,  it  instantly  turns  the  cutide  white,  and  after  a  time  produces  violent  itching. 
(Th^nard.) 

Peroxide  of  hydrogen  is  miscible  in  all  proportions  with  water,  part  of  the  water 
f^«ecing  out  on  exposure  to  eold.  A  sdution  containing  eight  times  its  own  volume  of 
oxygen  gas  bcttins  to  evolve  gas  at  60^,  and  subsequently  gets  into  a  state  of  violent 
ebufiition,  and  when  this  has  ceased,  nothing  is  left  but  water.  The  peroxide  likewise 
nnitea  with  aeid$^  <.<7.jphosphoric,  sulphuric,  hydrochloric,  nitric  add,  &c.,  forming 
mixtures  in  which  it  is  less  easily  decomposible  than  when  alone. 

It  is  doubtful  whether  peroxide  of  hydrogen  has  ever  been  obtained  quite  free  from 
water.  Th^nard,  however,  found  in  a  specimen  prepared  as  above  described,  6*02  per 
oent  hydrogen,  and  93*98  oxygen,  the  formula  HO  requiring  5*88  H,  and  94*12  0. 

DfeompaeiU&tu. — The  second  atom  of  oxygen  is  retained  hj  the  hydrogen  very 
loosely.  Under  various,  and  often  enigmati^  circumstances,  it  separates  from  the 
water  in  the  form  of  gas,  the  volume  dT  which  at  14°  and  076".  bar.  (29*8  inches) 
amounts  to  476  times  uiat  of  the  liquid.  The  gas  often  escapes  with  such  rapidity  as 
to  DToduee  riolent  effervescence,  and  even  explosion.  Great  heat  is  also  developed, 
ana  when  the  experiment  is  made  in  the  dark,  even  light  is  apparent 

The  several  modes  of  decomposition  are  as  follows : — 

1.  In  the  circuit  of  the  voltaic  battery,  peroxide  of  hvdrogen,  like  water,  is  gradually 
rraolved  into  hydrogen  at  the  negative  and  oxygen  at  the  positive  polo — only  that  the 
proportion  of  oxygen  iB  greater  Uian  in  the  decomposition  of  water.    (T  h^  nar  d.) 

2.  By  a  certain  elevation  of  temperature.  At  freezing  temperatures,  peroxide  of 
hydrogen  is  but  very  slowly  decomposed ;  at  ordinary  temperatures,  it  merely  evolves 
a  bubble  of  oxygen  now  and  then,  the  decomposition  not  being  complete  for  months; 
at  20^  the  Mcape  of  gas  becomes  more  perceptible.  By  suddenly  raising  the  tempera- 
ture to  100^,  tnis  gradual  escape  of  gas  may  be  converted  into  a  kind  of  explosion. 
Finally,  there  remains  behind  nothing  but  pure  water.  Sunshine  does  not  appear  to 
accelerate  the  decomposition  at  ordinary  temperatures.    (Th^nard.) 

3.  By  contact  with  certain  substances,  which  either  remain  unaltered,  or  take  up 
part  of  the  oxj^sn  of  the  peroxide,  or  on  the  contrary  themsdves  evolve  oxygen. — 
The  rapidity  with  which  tneee  substances  induce  the  separation  of  oxygen  from  the 
peroxioe  depends  partly  on  their  chemical  nature,  partly  on  the  minuteness  of  their 
mechanical  division :  the  farther  this  is  carried,  the  more  rapid  is  the  action.  (T h ^ n  a  r  d.) 

a.  Peroxide  of  hydrogen,  whether  pure  or  in  aqueous  solution,  acts  as  a  powerful 
oxidising  agent  It  converts  arsenious  add  into  arsenic  add,  sulphurous  add  into 
sulphuric  a^  sulphide  of  lead  into  sulphate  of  lead,  and  the  hydrated  protoxides  of 
manganese,  iron  and  cobalt,  into  the  peroxide  and  sesquioxides  respectively.  The 
protoxides  of  barium,  strontium,  and  caldum  are  transformed  into  the  eorresDonding 
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hich,  being  insoluble,  are  preci 
liogen  aotfi  with  great  violeni 
rbdenmn,  chromiom,  &c,  conve 
L  bodies,  among  which  are  in 
les,  induce,  by  their  mere  oont 
)  into  water  and  oxygen,  withoi 
id  silrer,  particularly  when  in 
id  cause  a  great  disengegemen 
[ess  amenable  to  the  action  of  i 
I  on  the  other  hand  &dlitate  tl 
Kxlies  in  causing  the  decompc 
loweyer,  is  not  at  present  unae 
)  most  remarkable  circumstance 
Eusting  as  a  reducing  agent.  1^ 
barium,  is  added  to  any  one  of 
Iver  or  mercury,  the  peroxides 
ferricyanic  acids,  or  their  sal 
[lydrogen,  but  also  fix)m  the  otl 
i  by  Th^nard  in  1818,  but 
f  Brodie  in  1860  (Phil.  Tram 
m,  Soc.  On.  J.  Til  304).  In  a 
of  oxygen  in  the  peroxides  of ' 
>le  state  of  combination,  but  tl 
ive  element,  like  hydrogen  or 
■  state  of  the  oxygen  in  unstf 
cygen  in  the  more  or  less  chl( 
i  or  barium  is  brought  into  rel 
the  two  oppositely  polarised  o 
ring  formulse :  — 

MnOO     +   H«00  - 

AgigO    +  H«00  « 

dr^»6»  +  H«0»0«  - 

P        +  H^OO  - 

thown  that,  in  the  third  and  f 
)nd  exactly  with  the  above  ex.]. 
Kygen  is  set  free  catalytically, 
lely-divided  metallic  silver  ha 
talytdcally,  whence  the  oxygen 
1  found  to  constitute  more  th 
oxygen  evolved.  It  is  observa 
istitute  less  than  one-half  of 
perfectly  comparable  with  adi 
id  the  alcohol -radicles  (see  Chi 

WH«     +  2HCi 
Zn((?H»)"  +  2(C»H»)r  - 

5  i  n,  apparently  unaware  of  Bro< 
>mena  of  deoxidation  effected 
wn  that  ozone  is  rendered  inac 

tive  oxygen,  O,  which  can  form 
i  above  reaction,  is  neutralise 

of  the  peroxide  of  hydrogen ; 
depends  upon  the  nature  of  tl 
only  at  the  instant  of  its  disasso 
1  Basel,  ii.  113,  463,  472 ;  Ann 
cxx.  266,  275 ;  Ixxxi  X ;  Ixxxii 
;  1862,  p.  96.) 

1  has  confirmed  the  observadoi 
ay  sometimes  be  detected  in  w 
to  have  shown  that  traces  of  i 
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canes  of  slow  oxidation  oocarring  in  the  presence  of  moistare ;  for  example,  those  of 
phuephons,  ether,  sine,  &c.  t£u8  production  of  peroxide  of  hydrogen  he  eonBidoi-s 
Uj  be  correUtire  of  the  other  oxidation.  Thus  when  moist  sinc-ftlings  are  oxidised  by 
exposure  to  air,  a  quantity  of  peroxide  of  hydrogen,  which  may  be  dissolved  out  by 
'wauer  and  submitted  to  chemical  tests,  is  formed,  according  to  the  foUowibg  equation : 

zL»  4-  2H''0  +  2H*6  +  200  =>  ArKP  +  ^«0«  +  2HH)0. 

Peroxide  of  hydrogen,  even  in  a  ve^  dilute  state,  may  be  recognised  either  by  its 
oxidising  or  by  its  reducing  properties.  Thus  it  decolorises  a  solution  of  indigo,  espeaally 
in  the  prnence  of  sulphate  of  iron,  which  apparently  senres  to  convey  the  oxygen  from 
the  peroxide  to  the  indigo ;  and  similarly  it  liberates  iodine  fh>m  a  solution  of  iodide 
of  potassium,  starch,  and  sulphate  of  iron.  On  the  other  hand,  it  decolorises  s 
solution  of  permanganate  of  potassium  by  reduction,  and  causes  a  blue  precipitate 
in  a  solution  containing  sesquichloride  of  iron  and  ferricyanide  of  potassium.  It 
eventuallv  reduces  ehromic  add  to  the  state  of  chromic  hydmte,  but  its  first  action 
is  to  produce,  by  oxidation,  a  veiy  unstable  perchromic  acid.  This  compound,  which 
has  a  deep  blue  colour,  is  readily  soluble  in  ether,  and  its  ethereal  solution  has  a 
certain  degree  of  stability;  so  that  the  presence  of  peroxide  of  hydrogen  in  any  liquid 
may  be  ascertained  by  mixing  it  with  ether,  and  then  adding  a  few  £ops  of  a  solution 
of  chromic  acid,  whereby  the  ether  assumes  a  bright  blue  colour. 

The  compound  radicle,  peroxide  of  hydrogen  HO,  is  equivalent  to  the  simple  radicle 
chlorine  01,  and  in  a  great  number  of  reactions  is  exchangeable  for  chlorine  and  it* 
congeners.  One  of  the  most  generally  useful  modes  of  oxygenating  different  compounds 
consists  in  first  substituting  a  halogen  in  exchange  for  hydrogen,  and  then,  by  means 
of  water,  substituting  peroxide  of  hydrogen  in  exchange  for  the  halogen.  Thus,  by  the 
action  of  bromine  upon  acetic  add,  we  obtain  bromacetic  add : — 
C"HK)*  +  Br»     -     C*H«BrO*  +  HBr. 

Then,  by  the  action  of  water  upon  bromacetic  add,  we  obtain  glycoUic,  or  oxyacetic 
acid : — 

C«H«BrO*  +  H.HO     -     C«H\HO)0»,  or  C«H*0»  +  HBr. 

{OdHfi^s  Manual  of  CUmutry,  p.  124. ) 

THozid«  ^Hydrofmi.  HH)". — ^This, according  to  Baumert  (Pogg.  Ann.  Ixxxix. 
38),  is  the  eompontion  of  Ozomi  {q.  «.) 

HmXOCMDr,  PKOSraiBBB  OV.  Three  of  these  compounds  are  known, 
rix.  pbosphoretted  h^rdrogen  gas,  PH*,  liquid  phosphide  of  hydrc^en,  PH*,  and  the 
solid  phosphide,  P*H. 

1.  Vhospboretted  Bydroyen  or  Pliospluunlne.  PH*. — This  gas,  the 
analogue  of  ammoniii,  is  produced  by  the  spontaneous  decomposition  of  phoephorised 
organic  bodies,  decaying  fish  for  example.  Its  natural  evolution  appears  to  be  the 
cause  of  ufneafatm  and  similar  luminous  appearances.  The  gas  is  also  liberated  in 
many  chemical  reactions,  but  it  is  veiy  difficult  to  obtain  pure,  being  always  mixed 
with  a  greater  or  lesser  proportion  of  firee  hydrogen,  and  frequently  with  the  vapour  of 
liquid  i^osphide  of  hydrogen,  which  renders  it  spontaneously  inflammable,  a  property 
which  it  does  not  possess  when  free  from,  the  liquid  phosphide.  The  spontaneously 
inflammable  gas  was  discovered  in  1789by  Gengembre  (CreU.  Ann.  i.  460),  and  the 
non -spontaneously  inflammable  gas  bv  Davy  some  years  later. 

Production  of  the  spontaneousfy  infiammabU  gas.  1.  The  compounds  of  phosphorus 
with  the  alkali-metals  are  resolved,  in  contact  with  water,  into  an  alkaline  hypophos- 
phite  and  pbosphoretted  hydrogen.  An  impure  phosphide  of  calcium  is  generally  used 
for  the  purpose,  prepared  by  heating  phosphorus  with  lime  (i  719).  When  it  is  thrown 
into  water,  spontaneously  inflammable  pbosphoretted  hydrogen  is  slowly  liberated,  and 
the  bubbles  of  gas,  as  they  reach  the  surface,  take  flie,  bum  with  a  highly  luminous 
flame,  and  produce  thick  douds  of  white  smoke,  which,  in  a  quiet  atmosphere,  ascend 
in  the  form  of  successive  gradually  expanding  rings. 

2.  Phosphide  of  sine,  tin,  or  iron,  with  aqueous  sulnhuric  or  hydrochloric  add,  yields 
a  metallic  sulphate  or  chloride  and  pbosphoretted  hyorogen  gas. 

3.  Phosphorus  heated  in  an  aqueous  solution  of  a  fixed  alkaU,  yields  pbosphoretted 
hydrogen  gas,  together  with  a  hypopbosphite  and  phosphate  of  the  alkali-metal  Such 
an  action  is  exited  by  potash,  soaa,  lithia,  baryta,  strontia,  and  lime,  and,  according 
to  Raymond,  by  oxide  of  -due  and  protoxide  of  iron.  The  primary  decomposition 
yields  pbosphoretted  hydrogen  and  hypopbosphite ;  thus  with  lime-water : — 

3CaHW  +  P«  +  6HK)  »  3CaH*P«0«  +  2PH» 

Hydrate  of  Hypnphos- 

calciunw  phite  of  cal* 

ctum. 
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Snicklj  ndncM  many  oxidised  bodies,  e.g.  nitric  oxide,  nitric  acid,  suiphurotu  anhy- 
rid€  and  stdokurio  acid.  It  is  oompletely  absorbed  hy  solutions  of  hypachlorous  acid 
and  the  alkaline  hypochlorites. — 5.  ft  precipitates  the  solutions  of  many  metallic  salts 
thoae  of  lead  veiy  slowly,  those  of  copper  more  quickly,  and  those  of  the  noMe  nictals 
most  quickly  of  alL  The  precipitates,  sare  those  produced  with  mercury-salts,  are 
black  or  dark-eolonied.  They  consist  of  metallic  phosphide,  as  in  the  case  of  copper; 
of  mixed  phoephide  and  metadlic  salt,  as  in  the  case  of  mercury ;  or  of  reduced  metal, 
aa  in  the  case  of  silver  and  gold.  Solution  of  sulphate  of  copper  is  often  used  for 
estimating  the  proportion  of  firee  hydrogen  in  ordinary  phosphoretted  hydrogen,  by 
obaerring  the  quantity  of  gas  which  it  leares  unabeorbeo. 

6.  CJdorine^  bromine^  aiMl  iodine  decompose  phosphoretted  hydrogen,  abstracting  its 
hvdrogeiL  If  in  excess,  thej  also  combine  with  its  phosphorus  to  form  the  respective 
ehloridca,  bromides,  and  iodides,  or  their  products  of  decomposition  with  water.  When 
babbles  of  phosphoretted  hydrogen  are  introduced  into  a  receiver  of  chlorine,  they  in- 
flame with  a  sharp  explosion,  producing  hydrochloric  add  and  pentachloridie  of 
phosphoma.  Many  metallic  chlorides  also,  when  gently  heated  in  phosphoretted 
nydrogen,  produce  hydrochloric  add  gas—  the  volume  of  which  is  three  times  as  greet 
as  that  of  tbe  phosphoretted  hydrogen — and  a  metallic  phosphide ;  or  else  hydrochloric 
add,  firee  phosphorus  and  free  metal. — 6.  Sulphur  heated  in  phosphoretted  hydrogen 
forma  sulphide  of  hydrogen  and  sulphide  of  phosphorus. 

Phosphoretted  hydrogen,  thouffh  devoid  of  any  alkaline  reaction,  is  in  other  respects 
doselv  analogous  to  ammonia;  hence  it  is  called  phosph amine.  Thus  it  unites 
directly  with  A^rtocitc  ocu^  to  form  the  hydriodate  of  phosphamine,  PH*.HI,  or 
iodide  of  phosphonium,  PH^I,  and  a  corresponding  compound  with  htfdrobromic 
aeid.  Moreover,  like  ammonia,  phosphamine  unites  with  the  perchlorides  of  many 
metals^  forming  white  saline  bodies  of  similar  constitution  to  the  ammouio-chlorides. 

Hydriodate  of  Phosphamine  may  be  obtained  by  the  direct  combination  of  the  two 
gases,  or  br  addins  a  Uttle  water  to  equal  atomic  proportions  of  iodine,  ground  up  with 
ponnded  ^utss,  ana  phosphorus  cut  up  into  small  pieces.  Vapours  of  hydriodate  of 
phosphamine  mixed  with  hydriodic  add  are  immediately  given  oS,  the  former  condensing 
as  a  crystalline  depodt.  A  better  mode  of  preparation  is,  however,  that  given  by 
Hofmann,  which  consists  in  gently  heating  iodine  in  a  current  of  dry  phosphoretted 
hydrogen  gas: 

4PH»  +  P     -     PP  +  3H«PL 

The  salt  erystanises  in  cubes,  which  fuse  when  moderately  heated,  and  out  of  access  of 
air,  may  be  sublimed  without  change.  They  are  deliquescent  and  are  decomposed  by 
water  into  hydriodic  add  and  phosphamine. 

^fdrobromate  of  Phosphamine,  PH'.HBr  or  PH*Br,  is  also  obtained  by  direct  com- 
bination, or  it  may  be  prepared  by  introducing  bromide  of  silicon,  together  with  a  littlo 
water,  into  a  jar  of  phosphoretted  hydrogen  (SeruUas).  It  crystallises  in  cube.^. 
■omettmes  transparent,  sometimes  opaque ;  boils  at  about  30^.  Vapour-density,  ob.*<. 
>-  1*906;  calc.  (2  voL)  ^S'9S  ;  hence  this  compound  affords  an  example  of  anomalous 
vapour-dendty,  probably  arising  from  disassociation  (i.  469 ;  ii.  816). 

Ikrivatives  of  Phosphamine. — The  three  atoms  of  hydrogen,  like  those  of  ammoni:i, 
in  phorohamine,  may  be  replaced  by  metals  or  organic  radicles,  e.ff.  tricupric  phos. 
phide,  F\CvrY;  tricuprous  phosphide,  P^Cu«)«;  triethylphosphine,  P(C«H»)».  The 
metallic  phoephamines  aro  obtained  by  passing  phosphoretted  hydrogen  gas  over  the 
heated  metals  or  their  oxides,  or  into  solutions  of  the  respective  salts,  or  by  treating 
the  metals  directly  with  phosphorus.     (See  Phosphides.) 

The  organic  derivatives  of  phosphamine  constitute  a  more  important  class  of  com- 
pounds, exactly  analogous  to  the  tertiary  monamines  (i.  175).  Phosphorus-bases 
analogous  to  the  primary  and  secondary  monamines  have  not  yet  been  obtained.  The 
tertiary  phosphines  aro  obtained  by  decomposing  the  zinc-compounds  of  the  nlcolv*!- 
radides  with  trichloride  of  phosphorus,  e.g. : 

3Zn(C«H*)«  +  2Pa«  -  3ZnCl«  +  2P(C2H»)». 
Zinc-ethyl.  TriethvU 

pbotpblnc. 

They  are  volatile  strongly  basic  compounds,  which  unite  readily  with  adds,  forming 
crystalline  salts,  analo^us  to  those  of  triethylamine,  &c.  Triethylphosphine  (like 
tneUiylamine)  miites  directly  with  iodide  of  ethvl,  forming  the  iodide  of  tetrethylphos- 
phoninm,  P(C*H*)*I,  from  which,  by  the  action  of  moist  oxide  of  silver,  the  hydjrate  of 
tetrethylphosphonium,  P(C*H*)'HO,  may  be  obtained.    (See  Phosphorus-bases.) 

Xi^iold  Whi99tltdAm  ^Bydroffen.  This  compound,  which  communicates  sponta- 
neous inflammability  to  phosphoretted  hydrogen  gas,  was  discovered  by  Paul 
Th^nard  (Ann.  Ch.  Phys.  [3J  xiv.  6\  and  r^ard^  by  him  as  PIP.  By  some 
diemists,  however,  it   is  supposed  to  contain  oxygen  as  well  as  hydrogen,  and  to 
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I  OF.    Sulphur  unites  with  hydrogen  in  two  proper- 
tiooA,  fonning  the  protoeulphide,  H*S ;  and  the  penulphide,  probably  HS  or  H*S*. 

Vrotosvlpblde  ^  Bydrof •n.  H'S.  Snfphydric  acid,  HydrostUphuric  acid. 
HydrotUomie  acid.  Sulphuretted  hydrogen.  —This  compound  may  be  formed  in  small 
qoaotitj  by  burning  sulphur-yapour  in  hydrogen  ga8«  or  hydrogen  gas  in  sulphur- 
▼mpour,  preciflehr  as  its  analogue,  water,  is  produced  under  similar  circumstances  from 
oxygen  and  hydlrogen. 

The  gas  is  ordi^mly  prepared  by  the  action  of  an  add— sulphuric  or  hydrochloric 
lor  instance — ^upon  a  metallic  sulphide,  usually  that  of  iron  or  antimony.  Dilute  sul- 
phuric acid  acts  readily  upon  sulphide  of  iron,  producing,  eyen  in  the  cold,  a  rapid 
dEureMence  of  sulphydrie  add : 

FeS  +  H«SO*  -  ffS  +  FeSO«. 
Inasmuch  as  sulphide  of  iron  is  an  artificial  product,  nearly  always  containing  an 
excess  of  metallic  iron  in  admixture,  the  sulphydrie  acid  obtained  from  it  is  generally 
contaminated  with  free  hydrogen ;  but  the  natiye  crystalline  trisulphide  of  antimony, 
being  a  normal  sulphide,  when  acted  upon  by  boiling  hydrochloric  acid,  yields  the  gas 
in  question  in  a  yery  puro  state,  thus : 

Sb«S»  +  6HC1     -     3H«S  +   2Sba». 
The  sulphydrie  add  obtained  from  either  of  these  sources  may  be  passed  through  a 
small  quantity  of  water  to  wash  it,  and  over  chloride  of  calcium  to  render  it  dry.     It 
ma^  be  collected  in  the  gaseous  state  oyer  mercury,  or  absorbed  at  once  into  water,  in 
which  it  is  yery  soluble. 

Sulphydrie  add,  more  frequently  sulphydrate  of  ammonia,  results  fhnn  the  sponta- 
neous decomposition  of  sulphuretted  organic  compounds ;  also  from  treating  non- 
sulphuretted  OTj^ic  compounds  with  sulphur.  Beinsch  recommends  a  lal^ratory 
process  for  obtaining  pure  sulphydrie  add,  by  heating  in  a  glass  flask  a  mixture  of 
equal  parts  of  sulphur  and  suet 

Sulphydrie  ada  occurs  naturally,  and  is  not  unfrequently  eyolyed  from  fumaroles  and 
VMlcanoes.  It  exists  to  a  considerable  extent  in  certain  mineral  watera  known  as  hepatic 
waters,  those  of  Harrogate,  for  instance.  It  is  also  produced  spontaneously  in  many 
waters  chaiged  with  organic  matter  and  sulphates,  usually  sulphate  of  caldum. 

ProptrtitM, — At  ordii^ry  temperatures  and  pressures,  sulphydrie  add  is  gaseous.  It 
may  be  obtained  in  the  liquid  state  by  generating  it  in  one  limb  of  a  sealed  tube,  from 
sulphuric  add  and  sulphide  of  iron  freed  from  metallic  iron,  and  condensing  it  in  the 
other  limb,  which  should  be  immersed  in  a  freezing  mixture,  that  of  ice  and  salt  being 
suffident  for  the  purpose ;  or  liquid  persulphide  of  hydrogen  may  be  gently  heated  in 
one  limb  of  a  bent  sealed  tube,  when  it  breaks  up  into  sulphur,  which  remains,  and 
sulphydrie  add,  which  may  be  condensed  in  the  other  limb  kept  cool  for  the  purpose. 
By  the  powerful  refrigeration  resulting;  from  the  eyaporation  in  vacuo  of  a  mixture  of 
solid  carbonic  anhydride  and  ether,  it  may  be  solidified.  Solid  sulphydrie  acid,  or 
snlDbur-ice,  is  a  iraite  transparent  mass  which  melts  at  ~85*5^.  Liquid  sulphydrie 
add  is  a  colourless  transparent  fiuid,  remarkable  for  its  extreme  thinness  or  mobility. 
Its  specific  grayity  is  0*9  compared  with  that  of  water  as  1.  Sulphydrie  acid  gas  is 
tranq>arent  and  colourless.  Its  density  is  somewhat  greater  than  that  of  atmospheric 
air,  being  1*1781  referred  to  air,  or  17  referred  to  hydro^n,  as  unity.  It  is  characterised 
by  an  oromdye  odour  resembling  that  of  rotten  eggs,  the  smell  of  which  indeed  is  due 
to  the  erdution  of  this  gas,  or  of  its  compound  with  ammonia.  In  the  concentrated 
state  it  cannot  be  breathed  with  impunity,  and  eyen  when  much  diluted  it  frequently 
giyes  rise  to  nausea  and  yertigo.  An  atmosphere  containing  -f^  per  cent  of  this  gas 
proyes  fiital  to  the  lower  animals. 

Sulphydrie  acid  is  readily  inflammable.  It  bums  with  a  bluish  flame,  forming  sul- 
phurous add,  and  frequently  depodts  free  sulphur  from  the  imperfSect  access  of 
oxygen.  Most  metals  when  heated  in  the  gas  absorb  the  sulphur  and  leave  the  hydro- 
pen.  Cadmittm  OT  tin  is  generally  used  for  the  purpose:  Ca'  +  H'S  =  Cd^S  -p  II-. 
The  bulk  of  the  resulting  hydrogen  is  eoual  to  that  of  the  original  sulphydrie  acid ;  or, 
in  other  words,  two  volumes  of  sulphyoric  add,  H*S,  when  acted  on  by  metal,  leave 
two  volumes  of  hydrogen.  Sulphy^c  add  in  the  gaseous  state,  or  dissolved  in  water, 
is  decomposed  by  chlorine^  bromine,  and  iodinCy  wiu  liberation  of  sulphur  and  forma- 
tion of  nydrochloric,  hydrobromic,  and  hydriodic  adds  respectively.  In  a  similar 
manner  it  is  decomposed,  with  liberation  of  sulphur,  by  nearly  all  oxidising  agents; 
and  even  sulphurous  acid,  which  usually  acts  as  a  deoxygenant  by  absorbing  oxygen, 
acts  in  this  case  as  an  oxygenant  by  a£R>rding  oxygen : 

2H^  +  S0«  «  2H«0  +  S». 
In  some  eases,  however,  a  peculiar  sulphur-add,  the  pentathionic,  is  formed  in  addi- 
tion, thus 

6H»S  +  6S0*  -  4HH)  +  H»S»0«  +  S». 
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water,  fbrming  a  colourless  liquid  which  deposits  tellurimn  when  exposed  to  the  air. 
It  precipitates  most  metals  from  their  eolations  in  the  form  of  t  ellnrides  (q,  v.) 

ST9SOMA&ZTB.  A  native  hydrated  chloride  of  sodium,  NaCl2HK).  (Dana, 
ii.  606.) 

rows.    See  HTDBOQUiNoini. 
LOXB*    See  Olbic  acid. 
Sjn.  with  GMBLDcm  (iL  924). 

rasxra.    Hydrated  carbonate  of  magnewum,  4Mg0.3CO«.4HM 

-  3(MgCO*.H»0).MgHH)«or  8(W[gH«C0*).MgH«0«.— It  occurs  native  in  small  mono- 
clinic  oTstals,  usually  acicular  or  bladed  and  tufted,  also  amorphous  or  as  a  chalky 
rrast.     Specific  gravity  »  2*  146.    Hardness  of  crystals  «  3*5.    Lustre  vitreous  to 
tiilky  or  sub*pearly ;  also  earthy.     Colour  and  streak  white.    It  is  found  in  serpentine 
at  Hruhschitx  in  Moravia ;  near  Kumi  in  Negroponte ;  at  Hobokeu,  New  Jersey,  and 
other  localities  in  North  America  (Dana,  ii.  457).    A  specimen  from  Texas,  Lancaster 
county,  Pennsylvania,  analysed  by  Smith  and  Brush  (Sill.  Am.  J.  [2]  xv.  207),  gave 
3600  pAr  cent.  C0^  43*96  MgO,  19*68  water,  and  0*36  silica.    Artificially  prepared 
hydrocarbonate  of  magnesium  nas  sometimes  the  same  composition. 
LOVOCAXiCXTB.    Syn.  with  HTDBODOLOMrrB. 
KOMAJUiAmXO  and    KTPBOM AROiimTTXO  AOZB0.      Acids  of 
doubtful  constitution,  which  Fr^my  obtained  by  treating  olive^il  with  strong  sulphuric 
add.    (See  Maboahic  aged  and  PALMmc  acid.) 
See  Melloitb. 
\  (08o)p,  water ;  M^pw,  measure).      Gravimeterj  Phe4iqueur;  on 
the  Continent,  most  commonly  called  the  Areometer  (dpai^i,  rare,  subtle).    An  instru- 
ment which,  on  being  placed  in  a  liquid,  shows  its  specific  gravity,  either  by  direct 
inspection,  or  by  simple  adjustment  and  calculation. 

Its  action  depends  on  the  simple  rainciple  of  hydrostatics,  that  a  floating  body  must 
displace  its  own  weight  of  liquid.  The  truth  of  this  principle  is  seen  if  we  consider 
that  any  part  of  a  mass  of  liquid  at  rest  must  be  supported  by  the  pressure  of  the 
surrooDding  liquid,  and  will  certainly  continue  to  be  supported,  so  long  as  it  has  the 
same  weijght  and  volume :  hence  it  may  be  conceived  to  become  solid  without  altering 
the  conditions  of  equilibrium.  Now  weight  is  mere  downward  pressure,  and  the  solid 
immersed  in  a  liquid  need  not  weigh  so  much  as  an  equal  volume  of  liquid,  provided 
that  the  difference  is  exactly  made  up  by  downward  pressure,  or  weight  communicated 
from  another  part  of  the  solid,  above  the  surface  of  the  liquid. 

Thus,  in  fig,  567,  suppose  the  solid  AB  to  have  the  same  weight  as  a  volume  of 
water  equal  to  the  volume  of  the  part  AC.    When  placed  in  water,  the  solid  will  sink 
up  to  the  point  C :  for  the  upward  pressure  of  the  water,  which        p.     ,g- 
usually  supports  a  volume  of  water  equal  to  AC,  will  then  be  exactly  ^' 

sufficient  to  suoport  the  weight  of  the  solid  AB.  If  we  now  place  A6 
in  a  liquid  of  less  specific  gravity,  the  weight  of  AB  will  be  greater 
than  the  weight  of  the  volume  AC  of  the  liquid,  and  equal,  for  instance, 
to  the  weight  of  the  volume  AC^.  Then  by  similar  reasoning,  AB 
will  sink  into  this  lighter  liquid  up  to  the  point  C,.  Again,  if  AB 
sink  in  a  third  liquid  only  up  to  the  point  C^,  it  is  obvious  as  before, 
that  the  volume  of  liqmd  AC,  is  equal  in  weight  to  the  solid  AB. 

Now  the  specific  gravities  of  bodies  are,  by  definition,  in  the  propor- 
tion of  the  weights  of  equal  volumes  of  the  bodies,  or,  which  is  the 
same,  in  the  inverse  proportion  of  the  volumes  of  equal  weights.  In 
other  words,  the  specific  gravity  is  less,  as  it  requirq^  a  larger  volume 
to  make  a  ffiven  weight.  Now  the  volumes  AC,  AC],  AC^  of  the 
respective  hquids  are  all  of  one  weight,  that  of  the  solid  AB :  hence 
the  specific  gravities  have  the  inverse  proportion  of  AC,  ACi,  AC,, 
or  if  we  assume  the  first  (water)  to  have  the  specific  gravity  100,  the 

.,.     ^,,      ,^  AC     AC 

specific  gravities  of  the  others  are  -r^,  -j-t^. 

The  hydrometers  commonly  used  do  not  difibr  from  the  solid  body 
AB  above  described,  except  that  the  part  which  meets  atad  cuts  the 
surface  of  the  liquid  is  usual^  of  very  narrow  section,  in  order  that 
slight  difibrences  in  the  density  of  the  liouid  may  cause  the  hydro- 
meter to  rise  or  sink  through  a  considerable  space.  The  form  of  those 
parts  of  the  hjrdrometer  below  the  liquid  has  no  effect  upon  the  accuracy  of  the  result, 
but  for  eonvenience  the  lower  parts  are  usually  much  expanded,  in  order  that  they  may 
be  proportionally  shorter.  Several  different  forms  of  the  hydrometer  are  shown  in 
fas.  668,669,660.  The  hydrometer  in  ^.  668  would  indicate  specific  gravities  differing 
through  a  considerable  ranse,  but  withoui.  much  accuracy.  It  is  accompanied  by  a  tul>e 
TB,  which  holds  the  liquid  under  examination.     That  m  fig.  669,  on  the  contrar)',  has 
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A  very  alender  stem  (SM),  and  would  indicat 
within  a  certain  narrow  range.  Hydromet^ 
and  bulbs  blown  in  a  single  piece.  The  chic 
or  mercury,  carefdlly  adjusted  so  that  tl 
depth  in  the  required  liquids,  and  then  sea 
extremity.  In  other  cases,  the  hydrometer 
jig.  660,  but  the  weight  is  still  placed  belov 
i^right  and  stiffly. 

Fig,  558.        Fig,  559.     Fig,  560. 


bU 


A 


Graduation. — ^We  hare  yet  to  consider 
the  nature  of  the  graduation  on  the  stem 
of  any  hydrometer  which  is  to  give  hj  in- 
spection the  specific  gravity  of  the  liquid 
in  which  it  floats.  Reverting  to  fia.  557, 
let  the  distance  AC  to  which  the  hydro- 
meter sinks  be.  successively  4?o,  4?^,  x^,  &c. 
when  AB  stands  in  liquida  of  the  densities 
Po,  Pi,  Pa.  &c- 

Then  ^-^,-^-^,  &c  Of  these 
*o  Pi  *o  Pa 
quantities  let  p^  be  the  density  of  distilled 
water  at  the  temperature  62**  F.,  which  we 
assume  as  1*00;  call  the  corresponding 
length    Xq,   the    unit  of  length.      Then 

^     Pi  Pa  '    Pi     Pa 

Thus  we  see  that  equal  differences  of  spe- 
cific gravity  are  indicated,  not  by  anv  equal 
intervals  on  the  scale,  but  by  the  differences 
of  the  reciprocals  of  those  specific  gravities, 
or  by  quantities  proportional  to  them.  The 
scale  which  must  then  be  employed  is  to  be 
obtained  by  calculation,  and  its  character  i 
line  AB;^.  561. 

Until  recently,  indeed,  it  was  customary  i 
into  some  series  of  equal  divisions  arbitrari 
used  conventionally,  without  reference  to  s 
specific  gravity  was  ascertained  by  calculati 
desirable,  however,  to  adopt  the  trae  scale  o: 
constructed  with  facility  and  sufficient  accm 

A  mode  of  graduating  hydrometers  with 
described  in  the  Reports  of  the  Jurors  of  tl 
of  the  following  processes : 
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1 .  Aflcertainiag  the  exact  position  of  three  or  more  Dointa  of  the  scale,  according  aa 
the  stem  of  the  hydrometer  is  more  or  less  tmly  cylindrical. 

2.  DiTiding  with  great  accuracy  a  scale  on  boxwood,  to  show  the  specific  grayities 
required  to  be  indicated  by  the  hydrometer. 

3.  Making  a  reduced  copy  of  the  boxwood  scale,  so  as  to  form  a  scale,  the  points  of 
which  shall  correspond  with  the  ascertained  points  on  the  hydrometer-tube.  The 
scale  so  formed  on  paper  is  ready  to  be  engraved  on  the  hydrometer. 

For  example,  suppose  it  be  required  for  a  hydrometer  to  show  specific  ffrayities  from 
100  to  0*700.  A  bulb  is  chosen  with  a  stem  as  uniform  as  possible,  and  three  points — 
for  instance,  •700,  •860,  and  1  000— are  ascertained  as  follows :  Load  the  hydrometer  till 
it  sinks  in  distilled  water  of  the  temperature  62^  to  some  marked  point  convenient  for 
the  degree  1*00 ;  let  the  weight  of  the  instrument  then  be  x.    To  ascertain  the  point 

of  the  degree  •85,  alter  the  weight  of  the  hydrometer  until  it  is  — ^ — ,  and  placing 

1*00  X  * 
it  in  water,  maik  where  it  is  cut  by  the  surface.    Lastly,  alter  the  weight  to  — :=^ — , 

and  mark  the  point  as  before,  which  will  correspond  with  the  specific  gravity  '700.  The 


original  weight  s  of  the  hydrometer  may  then  be  restored  and  the  tube  sealed.  This 
method,  requiring  the  use  of  no  liquid  but  water,  is  Tery  oonTenient>  and  was 
suffiested  to  Mr.  Ackland  by  Dr.  Clarke  of  Aberdeen. 

^le  remainder  of  Mr.  Ackland*s  processes  are  performed  by  calculating  the  reciprocals 
of  the  specific  gravities  required,  forming  them  into  a  scale,  and  then  reducing  this 
scale  and  transfiuring  it  to  the  gkss  tube  by  a  dividing  engine  of  peculiar  and  ingenious 
construction. 

We  have  formed  the  following  table  of  the  reciprocals,  and  their  diffisrences.  Inter- 
mediate degrees  can  easily  be  inteipolated  when  necessary. 


Specific 
gr«vltf. 

Reciprocal. 

DliEBrenceof 
R«dprocals. 

Specific 
graTltj. 

Redproca]. 

DIflinrence  of 
Reciprocal*. 

2*00 
1-96 
1-90 
1*85 
180 
1*75 
1*70 
1-85 
1*80 
1-56 
160 
1-45 
1-40 
1-35 
1-30 

•600 
•613 
•526 
•541 
'566 
•571 
•588 
•606 
•625 
•645 
•667 
•690 
•714 
•741 
•769 

•013 
•013 
•016 
•015 
•015 
.      -017 
•018 
•019 
•020 
•022 
•028 
•024 
•027 
•028 
•031 

1*26 

1*20 

115 

110 

1^05 

100 

•95 

•90 

•85 

•80 

•75 

•70 

•65 

•60 

'66 

•50 

•800 

•833 

•870 

•909 

•952 

1000 

1063 

1111 

1176 

1*260 

1*333 

1429 

1638 

1*667 

1-818 

2000 

•033 
•037 
•039 
•043 
•048 
•053 
•058 
•066 
•074 
•083 
•096 
•109 
•129 
•151 
•182 

We  shall  now  describe  a  graphical  method  which  the  chemist  can  easily  use  as  a 
Kubetitnte  for  Mr.  AcUand's  dividing  engine,  so  as  to  graduate  his  own  hydrometers 
with  aeniracy.  Draw  a  line  AB  (fiff.  661)  on  a  sheet  of  good  paper,  and  lay  off  upon  it, 
with  exactness,  as  many  of  the  reciprocal  numbers  or  differences,  given  in  the  table,  as 
are  likely  to  be  required  within  the  range  of  the  hydrometers  to  be  graduated :  this 
may  easily  be  done  with  the  aid  of  a  decimal  or  diagonal  scale  and  a  pair  of  compasses. 
The  absolute  sise  of  this  scale  is  of  no  importance,  except  that  the  huger  it  is  the  more 
accurate  will  the  result  pobably  be. 

Now  suppose  the  points  on  a  hydrometer  have  been  determined  for  the  specific 
gravities  *700,  1*00  and  1*30.  Draw  a  line  exactly  parallel  to  AB,  and  measure  off 
distances  PQ,  QR,  equal  to  the  absolute  distances  of  the  points  on  the  hydrometric  stem, 
placing  the  points  P,Q,R,  as  nearly  as  possible  opposite  the  specific  gravities  *700, 1*00, 
1*30,  on  the  scale  AB.  Draw  lines  through  P  and  the  degree  ^70,  and  through  Q  and 
the  degree  1*00.  If  these  lines  never  meet,  the  scale  on  PQ  will  be  identical  with  that 
on  AB.  But  suTOOse  they  meet  in  S :  draw  lines  through  8  and  the  several  degrees 
on  AB  between  •yO  and  l^OO.  Then  the  intersections  of  these  lines  and  PQ  give  the 
required  points  for  the  scale  PQ.  Next  draw  a  line  through  R  and  the  degree  1^3.  If 
this  also  pas4  through  the  point  S  it  will  indicate  that  the  stem  of  the  hydrometer  is 
perfectly  uniform.  But  wherever  S',  the  point  of  int<»rsection  of  Q—  TOO  and  R— 1*36 
may  be,  draw  lines  from  S',  through  the  degrees  of  AB,  giving  by  their  intersection 
with  QR  the  required  points  of  graduation. 

If  necessary,  other  points  besides  P,  Q,  R,  might,  for  the  sake  of  accuracy,  be 
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on  the  st€m  of  the  hjdroi 
tie  extra  trouble,  from  m 
x>meter  scale,  when  once 
instrument  by  the  usual 
be  coTered  with  bees'-w 
ht  line  with  the  divided 
transferred  by  a  beam-c 
glass  tabes,  the  reader  n 

LLT8I8  OF  G-JLSBS    in  thlS 

ydrometers,  it  would  be 
toeether  with  oonyeiging 
n  describes. 

Her  intervals  of  a  hydroi 

[imation,  or  otherwise,  wi 

!acT  of  the  hydrometer  m 

e  diameter  of  the  stem ;  I: 

id  troublesome  to  use. 

,  especially  in  the  metal 

lade  with  as  smooth  and 

le  attraction  of  the  glass 

le  up  against  the  stem  ii 

QS  from  getting  an  exact 

itandard  instrument  of  m 

>ecific  gfavity  bottle  ar 

ccuracy  and  considerable 

sfly  employed  in  approxi 

hquidA.    It  often  effect! 

lently  occupied  with  liqu 

meters  suitably  construct 

itrument  as  suitable  for  e 

iorrections  for  every  litt 

igly  proceed  to  describe  i 

dy  used  for  practical  pux 

Hydrometer  is  of  imports 

lso3&4WilLIV.c52 

^         cise  revenue  of  the 

of  which  of  course 

F      brass  (^.662)  wit] 

1E1     (6)  to  sink  it  and 

form  stem  C,  8^  in< 

again  divided  into  1 

accompany  the  inst 

90.    These  weight 

ment  is  found  to  si 

scale.    The  numer 

cut  by  the  surface  < 

employed,  gives  it 

liquor  must  also  be 

ascertained  by  a  ti 

hydrometer  and  th( 

The  supemumen 

stem,  ana  then  ca 

I         weight  60,  to  sink 

^         otherwise  sink  in 

the  proportion  of 

y^     ALOOHOLOlOrrBT  (i 

sSO       Jones*  Hydrom 

companied  by  thre< 

used  or  not^  the  hyd 

Corresponding  to  t 

is  made  square  for  the 

eluded  in  the  lower  part 

iber  of  gallons  in  the  100 1 

iring  formulsD  apply  to  an 

Its  are  added  below  the  L 

B  weight  of  hydrometer. 

a  volume  of  hydrometer 

■>  area  of  section  of  stem 
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len  the  weight  of  the  substance  is  obrioosl; 
one  of  the  lower  puis,  that  which  i«  coi 
bstance  is  lighter  than  water,  and  has  to  ' 
ain  be  adjusted  so  as  to  float  in  water  at  tl 
me  further  weight  has  to  be  added  for  th 

ns  be  w^.    Then  the  specific  grayitj  of  the 

This  instrument  becomes  more  and  more  d 
e  stem  is  of  smaller  diameter.  As  actuall; 
18  a  piece  of  hardened  steel  wire  j^  inch  in 
ore  troublesome  does  the  instrument  becom 
;rts  above  the  sur&ce,  the  adherence  of  air  t< 
temperature  in  the  water,  are  sources  of 
ilance  and  specific  gravity  bottle,  has  alwi 
ecific  gravities  with  any  degree  of  aocurac 
rdrometer.  But  this  instrument  is  a  valuah 
nee,  besides  itri  use  in  tidring  specific  grav: 
lance  for  ascertaining  any  small  weight. 
Having  now  given  all  that  it  is  ukelv  1 
rdrometer,  we  ttiink  it  quite  needless  to  desc 
>n  and  arbitrary  scales  proposed  by  Homl 
lie,  Quin,  Guvton,  Speers,  Charles,  and  oth 
andtportfrbuch  dtr  (jhemxe^  2**  Aufl.,  &c.,  ii 
The  hydrometer  is  said  to  have  been  first  i 
lexandlrinus,  who  flourished  about  the  end 
sometimes  ascribed  to  Archimedes.  Howe^ 
obert  Boyle  appears  to  have  first  brought 
rans.  for  1676  (x.  329),  or  BoyUB  works  (IT 
entical  with  Nicholson's  hydrometer,  ana  w 
leness  of  gold  alloys,  being  hence  called  a  ** 
Many  rem^nces  concerning  the  history  a 
und  in  Young* s  Lectures  [1846]  I  240. — Bi 
821],  is  a  work  we  have  not  been  able  to  n 
rans.  xxxvi.  [1730],  p.  277),  B  r e wst e  r^s  Ca| 
easurer,  are  descnb«td  in  the  Edinburgh  Cyc 

BTBXOmOXBXAKAOirXSXTSt  also 
ite  (p.  191)  containing  2  per  cent,  or  less  of  i 
ile-p^reen  or  whitish  incrustations,  having  a 
gether  with  emerald-nickel,  into  which  it  gn 
^ncaster  county,  Pennsylvania,  and  accorc 
ketland.  Hermann  found  in  it  44*54  CO', 
jO,  0  40  MnO,  016  A1«0»,  and  5*84  HK)«  ] 

BTBSOVXAMB.  A  variety  of  opal,  w] 
water. 

BTBSOVRZUCTB.    A  name  applied  to 

BTBXOVRZTa,  also  called  Jmkinsite. 
)n,   which  occurs  massive,  and   somctimei 
iirduess8  3'd.    Lustre,  feeble,  subvitreous. 
een :  streak  pale ;  translucent  to  opaque. 

SiO*  FeO  MnO  MgO 

A.     3619  22-73  1-66  2108 

b,  38-97  19-30  4*36  22*87 

c.  37-42  20-60  405  22*76 

a,  HydrophUe  from  Taberg,  in  Sweden  (8 
Hftite  from  CNeil's  mine,  Orange  county,  N 

ii.  369).    These  analyses  lead  to  the  formul 

ut.  water  as  basic,  may  be  reduced  to  the  fori 
3M«SiO*JI'0. 

BTBXOVZTB.  A  silicate  of  mangan 
ntaining,  according  to  Du  Menil's  analysif 
lO,  and  1*25  CaO.    {Rammeisherg't  Minerai 

BTDXOVSZJr.  The  name  given  by  G 
i.  8)  to  an  albuminous  substance  which  he  < 
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■mttO^tnvoVB^  Bydroekmone^  Htfdrokinone  (Wohler,  Ami.  Clu  Pharm. 
zIt.  354 ;  1l  160;  Hesse,  ibid,  ex.  194  ;  cziy.  292>— This  name  isappUed  to  two  sab- 
stances,  one  oolom'Iess  and  the  other  green. 

CoLouBUMS  Htdboqitinonb  U^jfro^noU\  C^*0»,  isomeric  with  oocyphenie  acid, 
is  the  chief  product  of  the  dry  distillation  of  qninic^  carbohydroquinonic,  and  oxysali- 

2 lie  adds  (q,  v.\  and  is  likewise  produced  by  the  action  of  reducing  agents  (stannous 
loride  or  sulphurous  add)  on  quincme,  from  which  it  diflfera  by  2  at.  H;  also,  together 
with  a  brown  cmtalline  body  containing  CH'^NH)*,  by  the  action  of  phenylamine 
on  quinone  (A.  W.  Hofmann,  Proe.  Boy.  Soc.  xiiL  4): 

2C^'N  +  3C«H«0«     -     C'«H>«NK)»  +  2C^W. 
PiMoylainlDe.       Quinonc.  Browa  cryiUlf.      Hydroqulnooe. 

Prtparatwn, — 1.  The  distillate,  mixed  with  solid  particles^  which  is  obtained  by 
the  ^7  distillation  of  quinic  acid,  is  filtered  from  tar,  and  again,  after  cooh'ng,  to 
separate  bsnsoic  acid ;  the  yellow,  heaTy,  oily  mixture  of  benzene,  phenic  acid  and 
sauc|Yloiis  acid,  is  distilled  mm.  the  filtrate ;  the  brown  residue  in  the  retort  is  evapo- 
rated and  left  to  oool  till  benzoic  acid  crystallises  out;  the  mother-liquor  is  diluted 
with  water,  whidi  makes  the  liquid  milky  and  separates  tar ;  and  the  resulting  filtrate 
is  erapofated  tdl  the  hydroquinone  crystallises  out. — 2.  Sulphurous  add  gas  is  passed 
through  wann  water  saturated  with  quinone,  and  having  quinone  also  suspended  in  it, 
liU  all  the  quinone  is  dissolved,  and  me  liquid  appears  colourless ;  the  solution  is  then 
gently  evaporated  to  the  cryetsilising  pointy  and  the  crystals  are  purified  bv  pressure 
and  reciystallisation.— It  is  not  necessary  previously  to  remove  the  sulphunc  acid  by 
carbonate  of  barium. — ^A  saturated  aqueous  solution  of  quinone  may  also  be  mixed 
with  aqueous  hydriodic  acid,  and  the  wateiy  liquid,  after  filtration  from  the  iodine, 
•vapoarated  to  the  ciystallising  point. 

Proptriits. — Hydroquinone  forms  transparent,  colourless,  rhombic  crystals  ex 
kibitin^  the  combination,  odPoo  .  odFoo  .  P  .  oP  (Hesse).  It  sublimes,  when  heated, 
in  shining  laming*,  like  benzoic  add;  melts  at  177  *d^  and  solidifies  to  a  crrstalline  mass 
at  168^.  It  is  inodorous,  has  a  sweetish  taste,  and  is  neutral  to  vegetable  colours.  It 
dissolves  easilv  in  toaier^  especially  when  hot^  also  in  alcohol  and  in  ether.  From 
solutions  of  alkaline  eulphiteSt  it  ciystallises  unaltered,  sometimes  however  in  sulphur- 
yellow  rhombohedrons  or  long  four-dded  prisms,  resembling  the  sulphydrates  of  hy- 
droquinone.   (Hesse.) 

Deeompotitioru, — 1.  Hydroquinone,  suddenly  heated  above  the  boiling  pointy  is  par- 
tially decomposed  into  quinone  and  green  hydroquinone.  When  passed  in  the  state  of 
vapour  through  a  glass  tube  at  a  low  red  heat,  it  is  resolved  into  quinone  and  hydrogen 
(Hesse)w — 2.  Oxidinng  Offents,  viz.  chlorine,  chromate  of  potasdum,  sesquichloride 
of  iron,  or  nitrate  of  silver,  convert  hydroquinone  dissolved  in  water  into  green  hydro- 
quinone, with  formation  of  hydrochloric  add,  chromic  oxide,  or  protochloride  of  iron 
aud  hydrochloric  add,  or  with  precipitation  of  silver. — 8.  Strong  nitric  acid  converts  it 
abnost  wholly  into  oxalic  acid  (Hesse). — ^With  hydrochloric  acid  and  chlorate  of 
poi^usium  it  yields  tetrachlorquinone  fcbloranil)  (Hesse). — i.  The  aqueous  solution 
of  hydroquinone  imparts  a  saffix>n-yellow  colour  to  ctipric  acdate,  and  when  heated 
throws  down  cuprous  oxide,  quinone  volatilising  at  the  same  time. — 6.  Ammonia 
imparts  to  it  a  brown-red  colour,  and  yields  on  evaporation  a  brown  mass  like  ulmic 
add.    l\>tojA  acts  in  like  manner.    (Wohler.) 

Hydroquinone  dissolves  in  a  moderatelv  concentrated  hot  solution  of  neutral  acetate 
of  lead,  and  the  solution,  on  cooling;  yields  prisms  containing  OH*0*.C*H*PbO*  + 
I  HH).  These  oystals  give  o£f  5*23  per  cent,  of  water  (nearly  |  at.)  over  sulphuric 
add. 

Sulphydrates  of  Hydroquinone, — ^There  are  two  of  these  salts.  The  first,  containing 
40*H*0'.H'S,  is  obtained  in  colourless  prisms  bypassing  sulphydric  acid  gas  into  a 
saturated  solutionof  hydroquinone  heated  to  40<>.— The  second  ZCmH)\M%  is  obtained, 
tnr  passing  snk)hydric  add  into  a  cold  saturated  solution  of  hydroquinone,  in  small 
•hining  oystajs,  which  redissolve  when  heated  if  the  passage  of  the  gas  be  continued, 
the  solution,  as  it  cools,  yidding  the  compound  in  very  regukr  colourless  rhombohe- 
drons. These  ciystals  remain  unaltered  when  dry,  but  water  eliminates  sulphydric 
add  from  ^em,  and  on  boiling  the  solution,  hydroquinone  is  reproduced. 

Gssur  HTDBOQunroNs  or  Qcinhtdeoni.  C"H'*0*  -  C«H«0«.C^*0*.— This  com- 
pound  may  be  regarded  dther  as  a  compound  of  quinone  and  colourless  hydroquinone, 
or  as  a  doable  molecule  of  the  latter  compound  minus  2  at.  H,  or  again  as  a  double 
molecule  of  quinone  (C"H»0«)  plus  2  at  H. 

It  is  produced : — 1.  By  mixmg  the  aqueous  solutions  of  quinone  and  hydroquinone, 
whereupon  it  is  immediatdy  precipitated  in  the  crystalline  form. — 2.  Bv  combining 
aqueous  quinone  with  a  quantity  of  hydrogen  not  suffident  for  the  rorraation  of 
colourless  hydroquinone;  e.  ff.  aqueous  quinone  mixed  with  sulphuric  add  at   th« 
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nagative  pole  of  the  galTanie  dremt ; 
with  nno;  aqaeoiu  sdiition  of  qninon 
protosnlphate  of  iron,  or  snlphiuoiifl  a^ 
alloxan. — 3.  Bj  the  pitial  dehydro 
spongy  platinum  or  animal  charcoal  nc 
when  chlorine  gas  is  passed  through  aq 
nitric  acid,  chiomate  of  potassium,  sc 
miztores  prepared  according  to  (2)  o 
while  a  black-red  colour,  and  then  bcNca 
of  quinhydrone ;  but  if  the  solutions  a 
and  is  decomposed,  emitting  the  odoui 
by  at  once  adding  to  a  saturated  aqueoue 
H  quantity  of  aqueous  sulphurous  acid 
qiiinone. 

Properties. — Quinhydrone  forms  vei 
lustre,  like  the  wings  of  gold-beetle 
murexid ;  they  appear  red-brown  by  i 
melts  easily  to  a  brown  liquid,  and  si 
Smells  sliffhtly  like  quinone,  and  has  a 

It  dissolTes  sparingly  in  cold  toater 
water,  separating  as  it  cools.  Alcohol 
rod  solutions.  Ammonia  dissolves  it  ^ 
with  acetate  of  lead  a  bright  greenis 

DecomponHons. — 1.  When  quinhydi 
partly  converted  into  yellow  quinone.- 
orer.  and  the  remaining  dark  red-brow 
of  hydroquinone,  a  brown  tar,  which  s 
addition  of  water. — 3.  The  green  solut 
a  dark  red-brown  colour  on  exposure  t 
when  evaporated.— 4.  Quinhydrone  i 
aqueous  sulphurous  acid^  stannous  ch 
hydriodic  acid  or  tellurhydric  add. — i 
of  silver,  on  addition  of  ammonia. 

Jkrivativt 

Oai1>obyaro4iilBaiile  add.  CI 

Ann.  Ch.  Pharm.  cxii.  627,  cxiv.  292; 
An  acid  produced : — 1.  By  the  action 
ing  quinic  acid  to  above  200®.— 3.  Smi 
action  of  chlorate  of  potassium  and  h 
or  of  peroxide  of  manganese  and  sulphu 

Preparation, — ^Bromine  is  added  to  a 
till  a  portion  of  it  remains  undissol 
agitated  and  left  to  stand  for  12  houn 
dissolved  bromine,  diluted,  filtered,  ai 
brisk  evolution  of  gas  is  thereby  set  U] 
evaporated  to  a  thick  syrup  on  Uie  wat 
yields  to  this  liquid  carbohydroquinon 
off,  remains  as  a  brown  crystalfine  re< 
water  containing  hydrochloric  acid,  w 
treated  with  bromine  and  filtered,  is  ra 
to  take  up  organic  substances;  the  ( 
acetate  of  lead,  and  then,  after  this  pre 
is  obtained  by  addition  of  ammonia, 
water  with  sulphydric  acid,  then  boi 
quinonic  acid  is  obtained  firom  the  first 
lead-precipitate  still  retains  unaltered 
by  etner.    (Hesse.) 

Properties. — Carbohydroquinonic  ac 
1  at.  water  (C^«0*.H*0),  in  fbicate  j 
cranular  crystals.  It  is  dimorphous, 
belonging  to  the  monoolinic  system, 
acute  edges  perpendicularly  truncated, 
(Hesse).  — The  crystallised  acid  dissol 
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im  boiliiiff  water  and  in  alcohol,  but  is  insoluble  in  etAer.  It  has  a  sour  and  bitter 
taste  and  reddens  litmus.  Heated  to  100°  it  gives  d^  on  the  averager  1^^  P^  cent, 
water,  leaving  the  anhydrous  aoid,  CHH)*,  which  melts  at  207°  (eoneeted)  with 
partial  deeon^ioeitioii,  and  solidifles  in  the  radio-OTBtalline  form  between  160°  and 
170°  (Hes8e>  When  cautiously  heated,  it  sublimes  with  partial  deoomposition. 
(Lautemann.) 

Dfcompotitions, — 1.  Garbohydroquinonic  acid  is  reeolred  by  fksion,  and  with  great 
fiftcilitr  when  heated  to  240°.  into  carbonic  anhydride  and  bydroquinone,  C'H'O*  « 
0^*0*  •!•  CO*  (Hesse).  When  it  is  heated  with  pamice,  pyrocateebin  is  obtained 
inatead  of  l^ydioqninone,  the  former  bein^  apparently  capable  ii  passing  under  cireum- 
atanoss  not  esaeUy  known,  into  bydroquinone  ^Lautemann). — 2.  It  is  not  altered  by 
boiling  dilute  mine  acid  ;  the  concentrated  aeid  converts  it,  with  rise  of  temperature 
and  evohition  of  nitzoos  add,  into  oxalic  acid,  together  with  a  trace  of  a  yellow  sub- 
stance.— 8.  Stdpkurtc  ankffdride  dissolves  it,  without  evolution  of  gas,  foming  a  blue 
Itf^uid,  bnywnish  by  reflected  light  No  coiyugated  sulphuric  add  can  be  obtained  from 
tlua  solution. — ^In  oil  of  vUrtolt  carbohydro^ uinonic  acid  dissolves  slowlv,  and  chars 
when  heated. — 4.  Bromine  dissolves  slowly  in  the  a<]pieous  add,  with  evomtion  of  gas. 
— 6.  Aqueous  carbohydroquinonic  add,  in  contact  inth  add  carbonate. of  caicium  and 
air,  acquires  a  dark,  newly  black  colour,  and  deposits  a  bla^  predpttale,  which 
effiBrreeees  with  adds  ^Hesse). — 6.  From  euprie  i^drate  and  potasth-^mprie  tartrate 
aqueous  carbohydroqumonic  add  separates  cuprous  oxide ;  from  mercuric  and  eilver- 
smie  it  separates  the  metaL  Dilute  aqueous  carbohydroquinonic  add,  mixed  at  8°  or 
10°  with  neutral  solution  of  nitrate  of  eUffar^  beooBMs  dai^-ealoured  in  a  quarter 
of  an  hour,  even  in  the  dark,  and  in  three  hours  separates  metallic  silver  (Hesse). 
According  to  liiutemann  it  reduces  nitxate  of  silver  when  heated,  but  not  in  the 
cold. 

The  carbobydroquinonates  are^  for  the  most  part,  easilv  soluble  in  water, 
sparingly  soluble  or  insoluble  in  alcohol.  Hesse  regard  the  add  as  monobasic,  and 
the  ammonium-salt  as  a  basic  salt^  in  which  1  at,  ammonia  takes  the  place  of  water  of 

crystallisation,  C'H^NH*)0*NH«.    The  formula  ^^'g'lp)"'|o*repreeenU  it  as  tria- 

tomic  but  monobasic,  like  |^yceric  add  (iL  875).  Str eck  er  (Handworterb,  iL  [2],  996), 
regards  the  add  as  dibasic.  Carbohydroquinonic  add  decomposes  the  carbonates  of 
the  alkaline  earths.  Its  salts  turn  brown^  in  the  air.  In  contact  with  a  small 
qnactity  of  sesquichloride  of  iron,  they  acquire  a  violet  colour ;  with  a  larger  quantity, 
a  fine  purple- violet  to  chrome'^reen  colour  eepedally  in  neutral  solution.  (Hesse.) 
Amanonium-ealte. — When  dry  ammonia-gas  is  passed  over  diy  carbohydroquinonic 
acid,  100  pts.  of  the  add  take  up  from  22*3  to  22*7  pts.  of  ammonia  (2  at  »  22*08 
NH"),  without  givinff  offwater.  The  resulting  compound,  freed  frt>m  excess  of  ammonia 
by  standing  over  ofl  of  vitriol,  contains  44*7  per  cent  C,  and  6*2  H,  corresponding 
to  the  formuU,  CH»(NH*)0«.NH«  (calc.  44*68  per  cent  C,  and  6*88  H).  When 
exposed  to  moist  air,  it  quickly  gives  off  ammonia,  and  dnsolres,  with  alkaline  reac- 
tion, in  wat«T  and  alcohol.  Tlie  latter  solution,  when  evaporated,  deposits  small  add 
cry^als.  Hydrated  ether  partially  dissolves  tiie  ammonium-salt,  leaving  a  portion, 
perhaps  consisting  of  C^*(NH*)0*.HK).    An  ether-alcoholic  solution  of  carbwiydro- 

Suinonie  add  be^mes  turbid  when  ammonia  gas  is  passed  over  it,  and  then  dear, 
epoeitinfc  concentric  groups  of  prisms.    Btown  substances  are  formed  at  the  same 
time.     (Hesse.) 

Lead-ealt. — ^From  aqueous  carbohydroqmnonie  add,  an  aqueous  or  alcoholic  solution 
of  neutral  acetate  of  lead  throws  down  an  amorphous  yellow  predpitate,  easily  soluble  in 
Jiitrie  add,  with  difficulty  in  acetic  add.  Part  of  the  carbohydroquinonic  acid  dissolves 
at  the  same  time  in  the  acetic  add  which  is  set  free,  so  that  the  filtrate  still  gives  a 
prndpitate  with  ammonia.    ^Hesse.) 

The  potassium-salt  is  precipitated  from  its  aqueous  solution  by  akobol  in  the  form 
of  a  syrup. — The  manganous  salt  forms  small  prisms,  easily  soluble  in  water. — ^The 
^i/ic*^alt  formB  laminae. — Aqueous  carbohydroouinonic  add  yields  a  greyish-fellow  pre- 
cipitate with  tartar  emetic ;  and  with  ferric  kydrochlorate,  a  dark  green  solution  chang- 
ing to  violet  on  addition  of  add  carbonate  of  sodium,  or  of  tartaric  acid,  ferric  hydro- 
chlorate,  and  ammonia.    It  does  not  predpitate  gelatin. 

The  following  adds  give  reactions  very  similar  to  those  of  carbohydroquinonic  add : 
1.  Moriittannic  acid  and  Morin,  which,  according  to  Hlasiwets,  are  isomeric  with 
ciirbohvdroquinonic  add— 2.  Deuterocateehuia  acid,  C*H*0*,  and  Tricatechuic  add, 
C*\VOK  These  two  acids  are  supposed  by  Strecker  (Ann.  Ch.  Fharm.  cxviii 
280)  to  exist  in  catechu,  inasmuch  as  he  regarded  the  t)yrocatechin,  first  as  the  one, 
thrn  as  the  other  of  the»e  adds,  and  fin^y,  as  a  mixture  of  the  two. — 3.  Proti- 
eaUcKuie  aeid.  This  add,  according  to  Lautemann  (Ann.  Ch.  Fharm.  cxx.  315), 
mxnA  be  regarded  as  identical  with  carbohydroquinonic  acid,  since  the  latter  add,  when 
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866  ZOfC-BLOOlC. 

nuasuEo  AOZD.  C'H'N^O^.— As 
-er6d  by  Schlieper  (Ann.  Ch.  Phar 
6r  (ibtd.  czxvii  11).  Schlieper,  who 
)btain6d  it  accidentidly  in  treating  uric 
a;  the  mother-liquor  remaining  i£er  tl 
)  did  not  succeea  in  preparing  it  a  aecc 
poeition  of  dialuric  acid,  which  is  one  c 
irie  acid  (ii  966),  and  in  Schliepcur^s  ei 
nd-bi^  in  which  the  syrupy  liquid  hac 
lyer  obtains  hydurilic  acid  by  heating 
|r  as  a  solrent)  to  about  160^,  the  dialu 
monium,  formic  acid,  and  carbonic  anh; 

6OHW0*    -     2C«H»(NH* 

OUlurlc  acid.  HydurlUte  oi 

oioalum. 

paration  from  Urie^  acid. — The  uric 
pei^s  method  of  oxidation  with  hydr< 
>) ;  and  the  alloxan,  after  being  dissolve 
d  uric  add,  and  decolorised  if  necessar 
ialuric  add  by  reduction  with  stannous 

equal  to  the  weight  of  uric  add  6m| 
chloric  add ;  the  still  hot  liquid  is  add( 
hydrochloric  add  is  added  till  the  toIu 
\  of  uric  add  decomposed.  Thepreoedii 
th  a  smaller  proportion  of  tin,  alloxax 
nless  a  large  excess  of  hvdrochlorio  m 
crusts,  yery  difficult  to  decompose.  ( 
for  a  day,  ialuric  add  crystallises  out 
prisms,  which  must  be  quickly  washe< 
led  amounts  to  about  50  per  cent  of  th 
convert  the  dialuric  add  into  hydurilic 
[ed  in  a  capadous  flask  with  5  pts.  of  c 
ration  in  a  basin  till  its  temperature  rises 
1^.  A  brisk  and  regular  evolution  of  ca 
IS  this  ceases  and  me  contents  of  the  fli 

for  a  short  time  to  160^,  and  the  glycc 
Llowish-white  granular  powder  is  the 
nium  (p.  221).  The  glycerin  takes  no 
it 

obtain  the  free  add,  it  is  best  to  convert 
eoompose  this  salt  with  hydrochloric  ac 
ling  water,  ammonia  is  added  in  slight 

to  the  filtrate.  The  liquid  then  assume 
>liDg  red  warty  crystals  of  neutral  hyd 
»sed  by  hot  hydrochloric  add,  and  the 
d  witli  dilute  hydrochloric  add  and  dri 
pertirs. — Hydurilic  add  prepared  as  at 
rish  tinge ;  by  once  re-crystallising  it  i 
>lourle8S.  It  is  very  sparingly  soluble  ii 
rystallises  therefrom  on  cooling  in  smal 
f«0*.4HK).  It  is  also  but  very  slightl 
■edpitate  it  from  the  aqueous  solution.- 
>9ition,  and  on  adding  water,  part  of  th 
chloric  add  it  is  even  less  soluble  thi 
from  the  aqueous  solution.  From  a  h 
or  from  an  ammoniacal  solution  decoi 
crystalline  powder  consisting  of  rhombi 
ition :  C»H«N<0«.2H»0.  The  water,  u 
en  off  at  140®. 

durilic  acid  bears  a  tolerably  hish  ten 
>ffers  considerable  resistance  to  uie  act 
rithout  blackening,  by  melting  potash,  ^ 
[ed  by  redudng  agents ;  but  oxidising  at^ 

of  silver,  peroxide  of  lead,  and  seaqUi 
ng  various  products.    When  heated 
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dnrilie  aeid,  an  acid  not  yet  examined,  but  characteriaed  by  the  blood-red  coloiur 
which  it  piodncea  with  ferric  salta.  With  a  mixtnie  of  kydroehlorie  acid  and  clUoraU 
of  potassium,  hydmilic  add  yields  dichloro-hydurilic  acid,  CH^Cl'N^O'. — 
Faming  nUrie  acid  cunTerta  it  into  alloxan  without  anv  other  product;  but  with 
nitric  acid  of  ordinary  strength,  it  yields  alloxan  together  with  Tiolurie  acid, 
Tiolantin  and  dilituric  acid  (iL  965).  If  the  action  be  canned  on  to  the  end, 
with  aid  of  heat,  the  only  poduct  is  dilituric  add  * ;  but  if  it  be  interrupted  at  an 
earlier  stage,  a  mixture  is  obtained,  yaiying  in  composition  according  to  the  dumtion  of 
the  action: 

C*H«NK)«  +  NHO»    -     C*H«NK)«  +  C*H«NH)«  +  HH); 
HTduriUe  add.  Violurle  Alloxan, 

add. 

Cnm*0*  +  2NH0»    «    C*H«N»0»  +  C^BPNK)*  +  NHO«  +  HK). 
UydarUk  Dilituric  Alloxan, 

add.  acid. 

Dflitarie  add  m^indeed  be  renrded  as  a  product  of  the  oxidation  of  yioluric  acid, 
C*H«NH)»  -  C*tfNH)*  +  0 ;  and  yioUmtin,  C»H«NH)»,  is  a  compound  of  the  two.  With 
miroHS  aeid^  the  same  products  are  obtained.  With  nitrite  of  potassium  and  excess  of 
mtronB  add,  the  products  are  riolurate  of  potassium  and  alloxan: 

C?H«N«0»  +  NKO«  +  2NHO'     -    C*H«KNK)«   +  C«H*NH)«  +  2HK)  +  2N0 
Hjdorille  Vlolurate  of  Alloxan, 

add.  potaaiiun. 

Hydnrifie  add  is  most  distinctly  characterised  by  the  splendid  dark-green  colour 
whidi  the  add  and  its  salts  produce  in  a  solution  of  ferric  chloride.  The  colour  is 
d««troyed  by  strong  adds  and  alkalis,  also  by  heat,  the  hydnrilic  add  then  decomposing 
and  the  colour  chaneinff  to  red.  Characteristic  also  are  the  chalk-white  predpitates 
pfoduoed  on  adding  nyorochlorio  add  to  the  alkaline  solution,  and  the  reactions  with 
hydrochloric  add  and  chlorate  of  potasdum  and  with  nitric  add,  just  mentioned. 

Sydviilates.  Hydurilic  add  is  dibadc,  yielding;  both  add  and  neutral  salts.  It 
diiMolTes  easily  in  ammonia,  potash,  and  soda,  formmg  moderately  soluble  salts;  the 
other  hydurilates  are  sparingly  soluble  or  insoluble.  These  salts  cannot^  howeyer,  in 
genciml  be  obtained  by  double  decomposition,  since  the  add  has  a  great  tendency  to 
form  double  salts;  they  must  therefore  be  prepared  with  Uie  free  add.  The  add 
decomposes  most  metaUie  chlorides,  forming  add  salts ;  also  acetates,  with  formation 
of  neutral  salts,  excepting  in  the  case  of  the  ammonium-  and  potassium-silts. 

Hydurilates  of  Ammonium,— T\ie  acid  salt,  C«H«(NH*)N*0«  obtained  by 
heating  dialnric  add  in  glycerin  (p.  220^  is  nearly  pure,  haTug  only  a  faint  yellowish 
coloor.  It  is  moderately  soluble  in  boding  water,  and  separatee,  on  cooling,  in  crusts 
and  granules.  By  solution  in  hot  dilute  ammonia,  and  predpitation  with  acetic  acid, 
it  is  obtained  quite  pure,  in  small  octahedral  ciystals,  which,  howerer,  soon  lose  their 
ibrm.    Strong  adds  remore  only  part  of  the  ammonia.    The  ciystals  are  anhydrous. 

The  neutral-salt,  C?HXNH^)H)*,  is  obtained  by  mixing  the  add  salt  with  ammonia, 
and  separates  from  a  hot  saturated  solution  by  rapid  cooling  in  needles  containing  2  at. 
water ;  it  is  also  obtained  in  the  same  form  by  predpitation  with  sulphide  of  ammonium, 
in  which  it  is  insoluble.  The  solution  when  Idt  to  stand,  or  slowly  evaporated,  deposits 
Urge  shining  monoclinic  prisms,  with  dihedral  summits,  containing  4  at.  water,  and 
efflarescing,  with  loss  of  water  and  ammonia,  when  exposed  to  the  air.  (For  Rammels- 
berg's  determination  of  the  form  of  these  crystals,  see  Ann.  Ch.  Pbarm.  cxxvii.  19.) 
The  salt  is  moderately  soluble  in  water,  very  eadly  in  ammonia,  and  is  completely 
precipitated  therefrom  by  alcohol  in  amorphous  flocks  or  in  needles. 

Hydurilats  of  Barium  (neutral),  C*H^Ba'7^^0*.2HK),  is  obtained  as  an  amor- 
phous predpitate,  which  soon  becomes  crystalline,  on  adding  a  hot  solution  of  hydurilic 
acid  to  acetate  of  barium. 

Hydurilates  of  Calcium.— The  acid  salt,  C"H'»Ca"N"0«  16H«0,  separates,  on 
adding  hydurilic  acid  to  a  solution  of  chloride  of  calcium,  in  small  shining  prisms, 
insoluble  in  water.  The  neutral  salt,  (^H<Ca''NH)*.6H'0,  is  obtained  by  decomposing 
acetate  of  caldum  with  hydurilic  add,  as  an  amorphous  predpitate,  which  bMomes 
crystalline  on  standing.    It  gives  off  2  at.  water  at  130^« 

Hydurilates  e/  Copper.— The  add  salt,  C»«H"Cu"N"0".16HK),  is  obtamed  by 
adding  cupric  acetate  to  excess  of  hydurilic  add,  or  by  mixing  the  acid  with  cupric 
sulphate.  From  concentrated  solutions  it  separates  in  green  needles ;  from  more  dilute 
solutions,  in  thin  prisms  of  a  shining  yellow  colour.    It  is  decomposed  by  excess  of 

*  Scbltopcr't  **  nitro-hydurillc  add,**  obtained  bf  the  action  of  hot  nitric  acid  on  hydurilic  add,  was 
mort  prolMbljr  dllitaric  add  containing  potaib,  derived  from  the  impure  hydurilic  add  used.  (B  ae  j  e  r, 
Ann.  Ch.  Pbarm  cxxtU.  ill.) 
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I  aeidfl.  When  heated,  it  givee  off  t 
powder  of  the  anhydions  ftalt,  whid 
one. 

)  netUral  aalt,  C«H*Cu*N*0«  8H«0,  is 
pric  acetate,  or  by  mixing  the  neut: 
ite.  Cold  dilate  solutions  yield  a  re 
>rt  needles ;  warm  concentrated  soln 
irons  salt.  The  red  salt  is  oonTertec 
,  but  reooTers  it  in  contact  in  water. 
e  acid,  yielding  hydurilic  add  and  cl 
durilatee  of  Iron, — ^The  ferric  si 
be;  the  ferrous  salt  is  a  white  precipi 
durilate  of  Lead  is  a  white  prec 

soluble  in  nitric  add;  obtained  b 
id. 

durilate  of  Potaesium  has  not  b< 
ilio  add  in  potash  mixed  with  act 
tie  quantities  of  potash;  alcohol  al 
knee  containing  more  potash  than  the 
durilate  of  Silver. — ^Acetate  of  si 
I,  which  soon  turn  grey :  with  a  oo 
a  white  predpitate ;  with  a  warm  so 
{  the  silver-salt  with  water,  silver  is 
ig  oxyhydurilic  acid  (p.  221). 
durilate  of  Sodium,  CTa*Na«NH] 
lurilic  add  in  strong  soda-ley  with  ac 
ten  separates  in  snull,  colourless,  shi 
1,  easily  in  hot  water.  The  add-salt 
durilate*  of  Zinc. — ^The  acid  salt, 
c-chloride  mixed  with  hydurilic  ad 
r  a  strong  lustre.  The  neutral  eaU 
ilic  add  with  excess  of  linc-solutioi 
>eeomee  crystalline. 
ihloroliydiiilUe  add.  C^<C1*N 
te  of  potasdum  by  small  portions,  and 
ilic  and  strong  hydrochloric  add.  A  i 
lightly  soluble  in  water,  either  hot  or  ( 
jx)ng  sulphuric  add,  which  exerts  but 
■*  over  the  water-bath,  and,  on  gradui 
1  small  rhombic  crystals,  containing 
it  in  add  liquids,  is  not  attacked  b 
rith  formation  of  dilituric  add,  but  ii 
lilorohydurilic  add  is  a  strong  dibad 
id  of  neat,  and  is  repredpitated  by 
ling,  yidding  a  metallic  chloride,  ani 
I  neutral  potaseium-ealt,  C*H<EH)1*N 
ash  saturated  with  the  add  in  smi 
gly  in  cold,  more  readily  in  hot  wate 

at  a  stronger  heat  it  turns  red  and  c 

'OXnra.  (Wdhler  and  Lossei 
'latum.) ^ An  organic  base  oecorrix 
>9).  To  extract  the  two  bases,  the 
rature  of  60°  to  80° ;  the  united  extr 
md  filtered;  the  filtrate  is  predpiti 
ite  of  sodium,  again  filtered  and  cone 
rendered  slightJy  alkaline  by  carbon 
ither  to  extract  the  cocaine.  The  i 
ity  of  carbonate  of  sodium,  and  agai 
J  oil  having  the  odour  of  tobacco. 
3d  off;  and  on  ftirther  heating  the  i 
o  above  280^,  and  a  brown  alkaline 
L  When  the  distillate  is  maintaii 
ran,  the-  greater  part  passes  over  oi 
Ssee  only  at  140°  to  230°,  and  condi 
ned  in  both  portions ;  that  in  k^  ho^ 


Digitized  by 


Google 


HYGROMBTRY. 


223 


rtnt  in  a  with  an  eaaily  Tolatiliied  substance.  To  vemore  s  little  ammonia  pteee1»  a 
is  cooTerted  into  oxalate,  the  salt  is  dissolved  in  abeolate  aloohoi,  the  eolation 
eraoorated,  and  the  residne  mixed  with  eaustic  potash,  which  separal«  the  l^grine 
in  Uke  lonn  of  oiL  The  alkaline  solntion  is  heated  to  boilins  in  a  stram  of  hydr^n, 
whan  die  hTgiine,  dissolTsd  in  the  water,  passes  orer  (by  adding  water  to  the  residue 
and  again  diatilling  to  dirness,  a  fhrther  <^uantitj  may  be  obtained),  and  is  extracted 
from  the  distillate  by  ether ;  on  again  distilling  the  ethereal  solution,  the  hygrine 
remains  behind.  The  neutral  oil  in  6  is  remoYed  by  dissolyin^  b  in  water  containing 
hydrochloric  add,  shaking  the  solution  with  ether,  and  separating  the  ethereal  layer; 
after  which,  the  add  solution  is  supenatnrated  with  caustic  sMa,  and  the  hygrine 
taken  np  by  ether,  as  in  the  treatment  of  a.    (Lossen.) 

Hygnne  is  a  thick,  pale-yellow  dl,  having  a  stiong  alkaline  reaction,  a  burning 
taste,  and  an  odour  of  triaiethykmiDe.  It  produces  white  doads  with  the  volatile 
adds ;  distils  very  slowly  with  vi^ur  of  water.    It  does  not  appear  to  be  poisonous. 

Hygrine  does  not  diasolfe  in  wUer  in  all  proportions.  The  aqueous  solution  forms 
a  wbjte  predintate  with  Sickioride  of  tin,  yellowish  with  $uiphiUe  of  iron,  light  blue 
with  tu^aie  rf  copper;  on  boiling  the  solution,  the  copper  precipitate  becomes 
granular,  b«t  not  brown.  Hygrine  forms  white  predpitatee  with  chloride  qf  mercury 
and  mitvaU  ofsiltfer;  the  silver  predpitate  quiduy  turns  brown. 

Hygrine  combines  with  kydrochtorie  acid,  forming  deliquescent  oystals.  The 
aqveous  hydrochlorate  ibnns  a  brown  ilooculent  {Hredpitate  with  dp-iodide  ofpotaseium, 
nd-white  with  dickhride  of  Hn,  white  with  corrosive  sublimate,  partly  fiocculent  and 
pnrtly  in  oilv  drops.  With  tgtrackloridei^vlaiimiMth  farms  diHyw^ 
fUkes,  which  are  decomposed  by  heating  the  liquid,  and  do  not  appear  in  very  dilute 
solutions.  JPierie  acid  throws  down  £rom  hydxxxMorate  of  hygrine  a  yellow  powder ; 
galioUmme  acid,  a  white  poedpitate. 

Hygrine  dissolves  in  akohol  and  in  ether, 

STOSO^b'rJUb  STOSOMVniT.  A  Hygrometer  (&yp^r,  moist;  fi^poK 
mt%gnn)  is  any  instrument  which  measures  the  amoimt  or  degree  of  moisture  in  the 
atmosphere.  There  are,  however,  several  kinds  of  hygrometers  which  measure,  or  are 
said  to  measure  moisture,  by  entirely  different  modes,  and  the  problem  itself— to  esti- 
mate the  degree  of  moistness  of  the  air — ^is  found  on  examination  to  be  quite  ambiguous. 
It  is  therefore  necessaiy  to  attend  to  the  prindples  of  the  subject 

Principles  of  HygromHry, — ^Water,  both  liquid  and  solid,  always  tends  to  assume 
the  gaseous  form,  and  in  so  doins  exerts  an  elastic  force  increamng  as  the  temperature 
rises.  In  Jig.  665  the  enrre  ABC*  is  drawn  so  as  to  represent  the  law  of  the  elastic 
fi>ree  of  aqueous  vapour:  if  the  divisions  along  the  honiontal  axis  represent  the  tern- 

Fig.6M. 
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peratuie  of  the  water  in  desrees  Fahr.,  the  perpendicular  lines  drawn  from  them  to  the 
curre,  bdns  measured,  wiugive  the  corresponding  force  of  its  vapour  estimated  in  the 
height  of  the  column  of  mercuiy  which  it  would  hd  able  to  sustain. 

The  elastic  force  obviously  increases  in  a  higher  ratio  than  the  temperature,  and,  in 
nder  that  such  increasing  force  may  be  exertra  when  water  is  confined  in  a  given  space, 
it  is  mcessaiy  that  a  lai;^  and  larser  quantity  of  water  should  become  vigour,  it  is 
true  that  if  the  weight  of  vapour  be  not  increased,  its  elastic  force  will  nae  with  its 
temperature,  but  in  a  much  lees  ratio.  For  aoueous  vapour,  like  any  other  gas,  tends  to 
expand  by  ^Jyth  part  of  its  volume  at  32®  F.  tor  every  degree  of  increased  temperature. 
Thus,  if  the  vapour  which  rises  from  water  at  the  temperature  of  60^  F.  and  has  the 
ehtftie  force  of  '618  inch  be  confined  in  the  same  space,  but  apart  from  water,  and 
heated,  its  elastic  force  will  rise  in  a  manner  represented  by  the  straight  line  BE 
ify'  686| ;  but  if  more  water  be  present  to  supply  additional  vapour,  the  elaitic  force  of 
tM  whole  Tapour  would  rise,  as  shown  by  the  curve  BC. 
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On  the  other  hand,  if  the  vapour  at  60^  F.  be  cooled,  it  will,  as  a  gaa,  tend  to  ex«C 
an  elastic  force  foiling  as  the  straight  line  BD.  Bat  the  elastic  force  whidi  liquid 
water  exerts  foils  more  n^pidly,  as  shown  by  the  curre  BA ;  hence  part  of  the  Tapovr 
must  be  condensed  to  the  liquid  condition  until  the  elastic  force  or  the  remadnder  m 
not  ^preater  than  that  which  rises  from  water  at  that  temperature.  The  fbQowiBf 
defimtions  will  now  be  understood.  Aqueous  vapour  is  said  to  be  satMrated,  and  of 
maximum  eiaaiie  farce,  when  any  reduction  of  temperature,  or  any  increase  of  prewuv, 
would  cause  some  of  the  vapour  to  be  condensed.  The  temperature  of  aatmBted 
vapour  is  said  to  be  at  the  dew-point  Thus  aqueous  vapour  of  60^  F.  and  of  an  elastie 
force  of  '618  inch  is  saturated,  and  60^  is  its  dew-nomt  Any  portion  of  aqueoni 
vapour  has  a  dew-point;  for  the  temperature  may  always  be  iisduoed  so  low  that  • 
portion  will  be  condensed  by  any  further  reduction. 

What  is  true  of  aqueous  vapour  alone  is  also  true  of  aqueous  vapour  mixed  with  air: 
for  it  is  a  law  that  mixed  gases  do  not  exert  their  pressure  upon  each  other.  The 
onlv  difference  is,  that  vapour  does  not  spread  so  rapidly  into  a  space  occupied  by  air 
as  it  does  into  a  vacuous  space.  In  an  indefinitely  email  tpaoe,  tnen,  the  vapomr  aad 
air  may  be  considered  perfectly  independent  of  each  other.  The  laiger  the  vohmir, 
the  lonser  do  we  need  to  wait  until  diffusion  has  produced  perfect  mixture.*  Air  is 
said  to  be  saturated  with  moisture  when  the  aoueous  vapour  it  contains  is  of  majdmna 
elastic  force.  The  temperature  of  the  air  is  tnen  callea  its  dew-point — ^for  any  redne- 
tion  of  temperature  would  cause  the  condensation  of  some  vapour  in  the  form  of  ^rvy 
particles. 

The  degree  of  kunUdOy^  or  of  saturation,  is  the  ratio  which  the  vapour  in  tiie  air 
bears  to  what  it  might  contain.    (See  Hxat,  pp.  81,  83.) 

'  OoBdenainff  R jfromaters  are  those  which,  bj  cooling  the  air  until  the  eontaiafd 
vapour  begins  to  be  condensed,  indicate  the  dew-pointy  and  thus  enable  ua  to  leant  the 
eliLstic  force  of  the  vapour.  Dalton  first  proposed  this  method  of  Hygrometry,  usiof 
a  cup  of  cold  water.  Le  Roi  proposed  the  use  of  ice  for  this  purpose ;  and  in 
the  absence  of  any  hygrometer,  the  dew-point  may  be  ascertained  very  accuratdy,  bjr 
exposing  to  the  air  a  small  bright  metal  cup,  for  instance  a  platinum  cmdbU, 
containmff  water  cooled  by  ice  or  by  some  salt,  such  as  sal-ammoniac  or  nitrate  of  aa- 
monium,  dissolved  in  it  The  water  is  to  be  stiired  with  the  bulb  of  a  small  thermometer, 
and  the  degree  noted  at  which  dew  begins  to  form  or  to  evaporate  on  the  bright  meCsUie 
sor&ce. 

Danieirs  Hygromtter  was  the  first  accurate  instrument  invented,  and  may  stiD  be 
used  to  determine  the  dew-point  with  considerable  ease  and  eriictJiesg  {Danieffi 
MeteoTchgioal  Eaeays,  p.  127).  It  consists  (Jig,  666)  of  a 
small  glass  siphon,  at  each  end  of  which  is  a  thin  ^mm 
bulb  Aout  l/inch  in  diameter.  The  longer  leg  ab  is 
about  4  inches  long  and  contains  a  small  but  very  odiests 
tiiermometer,  the  bulb  of  which  is  within  the  terminal 
glass  ball.  The  siphon  contains  so  much  common  eChcr 
as  when  poured  into  the  lower  bulb  c  will  rather  more 
than  half  cover  the  enclosed  thermometer-bulb.  Before 
the  tube  is  sealed  up,  the  ether  is  boiled,  so  as  to  drive  out 
the  whole  of  the  air.  The  essential  put  of  the  instn- 
ment  is  completed  by  covering  the  upper  bulb  d  with 
muslin  and  gilding  a  part  of  the  lower  bulb.  It  is  now 
usual,  however,  to  make  this  lower  bulb  of  blade  glsaa 
The  siphon-tube  is  placed  for  use  upon  the  little  stand 
which  contains  the  second  thermometer/,  in  order  that 
the  temperature  of  the  air  may  be  observed  at  the  same 
time  as  its  dew-point 

To  make  an  observation,  all  the  ether  within  the 
instrument  is  first  poured  into  the  lower  bulb.  Th^n 
taking  a  bottle  of  common  ether*  a  few  drops  are  pcxurd 
upon  the  muslin  of  the  upper  bulb.  Its  evaporation  cools 
the  bulb  and  condenses  the  ether  vapour  within.  Fresh 
vapour  flows  along  the  bent  tube  from  the  lower  bulb.  and. 
in  the  manner  of  Wollaston's  cryopkorus,  the  tempen- 
ture  of  this  lower  bulb  is  gradually  reduced,  until  the  dew-point  of  the  surrounding 
air  is  reached,  and  dew  may  be  observed  forming  upon  the  silded  or  blackened  surfoce 
of  the  bulb.  The  dew-point,  as  shown  bv  the  included  thermometer,  is  then  to  hs 
read,  but  accuracy  is  only  to  be  attained  by  observing  several  successive  depositioni 


Fig,  666. 
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aad  eraporttioDB  of  dew  in  a  manner  faHj  described  under  the  head  of  Regnault's 
Hjvrometer. 

"nie  hy^^rometer  of  DanieU,  however  elegant  and  pleasing  in  theoiy,  has  many 
•onrces  of  mconvenience  and  inaocnracy.  The  expenditure  of  ether  is  considerable  and 
costly,  and  in  a  hot  and  dry  climate  it  is  very  difficult  to  obtain  any  deposition  of  dew, 
during  the  long-continued  manipulation  and  close  observation  of  the  instrument  which 
is  always  necessary.  The  warmth  and  moisture  of  the  hand  and  bod^  are  sure  to  affect 
the  in<ucations  of  both  thermometers.  The  cold  ether  vapour  flowing  from  the  upper 
bulb  may  also  cause  inaccuracy.  The  last  and  most  important  objection  is  that  cold 
is  produced  only  at  the  sur&ce  of  the  ether  in  the  lower  bulb,  and  there  is  no  agitation 
of  the  liquid  to  ensure  uniformity  of  temperature.  Hence  the  internal  thermometer 
may  often  indicate  a  temperature  some  degrees  different  from  that  at  which  dew  is  being 
deposited.  This  objection  is  partially  remedied  by  making  the  lower  bulb  oblique,  so 
that  one  part  of  it  shall  be  nearly  in  contact  with  the  thermometer-bulb  within. 
DanieU,  well  aware  of  this  objection,  remarks  that  dew  will  first  be  deposited  in  a 
circle  round  the  bulb  near  to  the  surface  of  the  ether,  and  directs  that  the  thermometer- 
bulb  shall  be  placed  so  as  to  be  cut  by  the  surface  of  the  ether. 

Subsequent  to  Daniell's  invention,  several  dew-point  instruments  were  devised,  in 
which  the  evaporation  of  ether  was  made  to  cool  the  bulb  of  a  thermometer  and  cause 
a  deposit  of  dew,  either  upon  the  bulb  or  a  metallic  capiule  in  a  more  simple  maimer. 
Such  is  that  of  Jones  (^hiL  Trans.  [1826]  czvi  pt  ii.  63).  Of  a  similar  nature  are 
the  J^f^romiire  a  eaptule  and  the  h^ffromUre  a  virole  tPor  of  Pouillet  (ESl^  de. 
Fhya.  [7th  ed.  1856]  ii  739).  That  of  M.  Belli  (Ann.  Ch.  Phys.  [3]  zv.  606)  is 
different  and  venr  ingenious,  giving  a  continual  indication  of  the  dew-point. 

C  on  n ell's  ^fgr^neUr,  very  lately  proposed,  and  to  some  extent^  we  believe,  brought 
into  use,  consists  of  a  thermometer  with  its  bulb  immersed  in  ether,  contained  within 
a  small  metal  globe.  A  common  exhausting  syringe  is  used  to  cause  the  evaporation 
of  the  ether,  and  the  dew-point  is  then  ascertained,  exactly  as  in  Baniell'sor  Begnaulfs 
hygrometer.  This  method  presents  some  slight  advantages  over  Daniell's,  but  retains 
all  its  worst  causes  of  error  and  inconvenience.  It  is  also  an  expensive  instrument,  and 
cannot  compare  with  Begnault's  Condenser  Hygrometer  either  in  theoiy  or  in  {nactice. 
It  is  described  in  the  Transactions  of  the  Boyal  Society  of  Edinburgh  xxi.,  and  Phil. 
Mag.  [4]  viiL  81. 

Dr.  George  Cumming's  Hygrometer  (Quar.  Jour,  of  Set.  &c  1828,  Jan.  to  June, 
p.  40S)  seems  first  to  have  introduced  a  method  now  finally  adopted  as  the  best  It 
consisted  (Jig,  667)  of  a  thin  glass  or  metallic  tube 

containing  a  delicate   thermometer  envelopc»d  in    jp)^.  557,  jp\^.  5^, 

sponge  or  other  porous  substance,  upon  which  a 
bttle  ether  was  to  be  poured.  Almost  any  degree 
of  artificial  cold  could  tnen  be  produced  by  a  stream 
of  air  from  *  JP^  of  bellows,  or  other  pneumatic 
contrivance.  The  only  important  objection  to  this 
instzument  is  the  presence  of  a  spongy  or  porous 
substance,  which  would  prevent  peruct  uniformity  of 
temperature  within  the  tube. 

Dobereiner  fbrther  proposed  a  hygrometer  in 
which  a  current  of  air  from  a  forcing  punm  is  made 
to  travene  the  ether,  disposed  as  in  DanieU's  instru- 
ment, and  thus  produce  cold  by  evaporation.  (Pogg. 
Ann.  IxY.  339.) 

Begnault's  Ctmdenser  Hygrometer  (Ann.  Ch. 
Phya.  [3]  xv.  129)  may  be  described  as  a  perfect 
instrument  of  its  Idnd.  In  its  complete  form  {fig, 
668)  it  consists  of  a  very  thin  and  brightly  polished 
silver  thimble  a,  45  mm.  high  and  20  mm.  in 
diameter,  fitted  to  the  glass  tube  b,  which  again  is 
fixed  by  the  small  lateral  tube  ^  and  the  metallic 
tube  d!,  to  the  stand.  The  upper  end  of  the  glass 
tube  b  is  dosed  by  a  cork,  bearing  a  thin  ^lass 
tube  f,  descending  nearly  to  the  bottom  of  the  silver 
thimble,  and  a  very  delicate  and  accurate  thermo- 
meter, the  pear-shaped  bulb  of  which  ib  in  the  centre 
of  the  thimble.  A  second  exactly  similar  thermo- 
meter, similarly  placed  within  a  glass  tube  and  silver 
thimble,  is  mounted  on  the  other  side  of  the  stand, 
bat  the  cork  is  not  penetrated  by  any  glass  tube. 

To  make  an  observation,  so  much  good  ether  is  poured  into  the  tube  b  as  will  rather 
Vol.  IIL  Q 
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mora  than  fill  the  thimbk  to  the  level  /,  and  the  cork  b«ng  fitted  in  air  tight,  the  m- 
stmment  is  pat  in  connection,  by  means  of  the  caontchonc  tube  g^  with  a  common  Aipi- 
rator,  by  which  an  exactly  regulated  flow  of  air  through  the  instrument  may  be  obtuaed. 
The  aspirator,  which  may  have  a  capacity  of  3  or  4  htres  (8  or  4  Quarts)  b  plikied  cioeft 
to  the  observer,  and  the  hygrometer  ma^  be  at  some  distance,  for  instance  ontaide  & 
window,  being  observed,  u  necessary,  with  a  telescope. 

Now  when  water  is  allowed  to  flow  from  the  aspirator,  air  is  drawn  throng^  the 
tube,  and  bubbling  up  through  the  ether,  causes  a  more  or  leta  rapid  evaporation.  The 
temperature  of  the  eUier  is  thus  slowlv  reduced,  and  from  its  constant  agitation  bj  tlw 
stream  of  air,  the  silver  thimble  and  the  thermometer-bulb  are  maintain^  at  an  encHj 
similar  temperature.  After  a  minute  or  two  at  the  most,  dew  will  begin  to  fbnn  oa 
the  thimble  and  will  be  very  visible  on  its  brightly  polished  surfiice.  Tlie  ther- 
mometer is  instantly  to  be  read,  and  the  stream  from  the  aspirator  to  be  sUmwd. 
Suppose  that  the  reading  observed  is  48^1^  F.,  the  deposit  of  dew  may  increase  m  a 
few  moments,  but  will  soon  begin  to  evaporate  again,  the  thermometer  rising.  At  the 
moment  that  the  dew  entirely  disappears,  read  the  thennometer  again ;  let  it  be  49*1. 
Considering  that  dew  requires  a  short  time  to  form  or  evaporate  in  a  TisiHe  degree^  it 
is  obvious  that  the  dew-point  lies  between  48*1  and  49*8.  Let  an  ekoeeding^y  dow 
current  of  air  be  now  drawn  through  the  ether,  so  that  the  thermometer  is  vny 
gradually  reduced  to  49*2,  49*),  49*0,  and  so  on.  The  point  at  which  dew  first  appetn 
may  now  be  observed  with  much  greater  accuracy ;  let  it  be  48*8.  Still  it  is  probable 
that  48*8  is  somewhat  below  the  exact  dew-point  I^  when  the  current  is  stopped,  the 
smiJl  deposit  of  dew  vanishes  at  49*0,  we  mav  consider  the  mean,  or  48*9,  to  be  the  true 
dew-point ;  but  if  necessary  we  may,  by  still  slower  procedure,  approximate  even  more 
closely.  "All  these  operations,"  observes  M.  Regnault,  **  take  more  time  to  describe 
tham  to  execute ;  with  a  little  practice,  three  or  four  minutes  are  sufficient  for  deter- 
minine  the  dew-point  almost  within  j^  of  a  degree  Centigrade." 

At  tne  same  time,  the  second  Ihermometer  is  to  be  reM,  to  give  the  common  tenpe- 
rature  of  the  air.  From  its  parallel  circumstances  and  position,  its  indications  would 
be  exactly  similar  to  those  of  the  other ;  hence  the  difference  of  the  two  gives  the  demv- 
sion  of  the  dew-point  free  trom  almost  all  kinds  of  error.  It  is  obvious  that  all  the 
objectionable  points  in  Daniell's  hygrometer  are  avoided  in  this  admirable  imtro- 
ment.  The  only  icmaining  objection  is  the  inconvenience  of  keeping  or  catfying  abovt 
a  large  aspirator,  and  frequently  filling  it  with  water.  In  the  Kew  Obeerratory,  the 
aspirator  is  in  the  form  of  a  circular  Mlows,  to  the  lower  movable  board  of  whidi  a 
weight  is  attached.  Mr.  Welsh  also  proposed  to  expand  the  upper  end  of  the  tabe  t 
into  a  small  fimnel  by  which  fresh  ether  may  readily  be  introduced. 

Lieut  Noble  has  obtained  dew  with  this  hygrometer,  at  aU  temperatures  down  to 
—86^,  the  limit  of  paduation  of  his  thennometer,  the  only  requisites  when  the  dew- 
point  is  veiy  few  being  patience  and  pure  ether.    (Phil.  Mag.  [4]  xi.  306.) 

Several  London  instrument-makers  have  rendered  this  instrument  less  expenave  by 
omitting  the  second  thermometer  and  its  appendages.  They  have  likewise  snbstitiitcd 
a  closed  tube  of  black  glass  for  the  polishea  silver  thimble.  This  is,  on  the  wholei^  an 
improvement^  for  the  dew  is  even  more  visible  on  the  black  surface,  and  the  difficiilty 
of  maintaining  the  silver  bright  is  avoided;  but  on  the  other  hand  the  uniformity  of 
Fia  569  temperature  is  not  so  rigorously   ensured.     As  regards  the 

^'  tempenture  of  the  air,  we  think  it  is  best  learnt  by  an  ordinary 

thermometer  freely  exposed,  and  that  B^gnatdt's  parallel  ar- 
rangement of  the  second  thermometer,  althou|;h  beantifiii  m 
theoiv,  is  actually  erroneous  and  undesirable  in  the  ordmaiy 
use  or  the  instrument 

Except,  however,  for  refined  researches  or  long  continued  wmtm 
of  obs(UTation,  a  much  simpler  i^yparatus  will  serve.  The  pt]ac> 
^^^  tical  chemist  has  cmly  to  take  a  common  test-tube^  eontainfng 
^bont  1^  inch  depth  of  ether,  insert  somewhat  loosefy  a  delieate 
tube-thermometer  and  dass  tube,  as  shown  v^fig*  669,  and  gently 
blow  with  the  mouth  urou^  the  bent  tube  a,  and  the  wiiola 
process  of  obserration  can  be  conducted  almost  as  weD  mm  ia 
Kegnaulf  s  complete  instrument  It  is  necessary  to  hava  the 
tul^  a  of  considerable  length,  that  the  moistnees  and  warmth  oC 
the  bodyand  the  bieath  may  not  affect  the  air  surrounding  the 
tube.  The  writer  had  used  such  an  apparatus  daily  for  many 
months  before  noticing  that  Begnault  mentions  its  sneeeeafld 
use. 
ajgrometry  by  flwapoiwtlOB.— Dr.  Button  <if  Edia- 
buigh  fint  suggested  that  the  degree  of  cold  produced  by  the  evaporation  of  wat«r  in  the 
air,  would  depend  upon  and  thoefore  indicate  the  moistness  of  the  air.    Leslie  again 
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iiygrometar  of  the  meteorological  obsexrer,  Mr.  Olaisher  has  pud  much  attention  tolls 
fNcfecting  of  the  instrament  in  eyery  detail  He  has  finally  adopted  a  pair  ci  Toy 
delicate  thennometerB  (see  7^.  {(70)  abont  one  foot  bng,  and  with 
small  spherical  bulbs  of  tmn  glass  of  abont  i  inch  diameUz. 
They  are  mounted  upon  metal  sodes  graduated  from  about  — 10^ 
to  + 130^  F.  and  fixed  parallel  to  eadi  other  from  2  to  4  inchca 
MNirt  upon  a  metal  cross  piece.  Care  is  taken  that  each  pair  of 
thermometers  is  as  exactly  similar  as  possiUe.  The  bulb  of  the 
wet  thermometer  is  coTered  with  thin  muslin,  round  the  neek  of 
which  is  twisted  a  conducting  thread  of  lamp-wick,  commop  dan- 
ing  cotton,  or  floss  silk ;  this  passes  into  an  acHaoent  Tcascl  of 
water  placed  about  three  inches  distant  from  the  wet  bnib,  a 
little  beneath  it^  and  on  the  0{^K>8ite  side  to  the  dry-bolb  ther- 
mometer. It  is  a  yery  objectionable  practice  to  place  a  knf 
glass  cistern  between  the  two  thermometers ;  for  the  water  will 
seldom  be  of  exactly  the  same  temperature  as  the  smrmmdiBg 
<ur,  and  will  tend  nightly  to  yitiate  the  readings  of  both  tlienDo> 
meters.  The  writer  raefers  for  a  eistem  a  short  narrow-neeked 
:^ass  botUe,  from  which  but  little  eyaporation  will  take  pbee. 
The  water  must  be  either  rain  or  distilled  water.  Care  moat  be 
taken  neyer  to  record  any  readings  when  the  bulb  is  sflt 
thoroughly  moist  all  oyer.  As  dust  and  saline  particles  gradually 
^  -"^^  settle  on  the  wet  muslin,  it  is  well  to  re-coyer  the  bulb  and  sop^ 
m  a  fresh  wi<±  about  eyery  month.  Before  use,  too^  each  wiek 
should  be  washed  in  a  solution  of  carbonate  of  soda,  and  pressed  whilst  under  water 
throughout  its  lengUi.  The  supply  of  water  to  the  bulb  can  be  easily  regulated  by 
raising  or  lowering  the  cistern. 

In  taking  an  olwerration,  the  diy-bulb  thennometer  is  first  to  be  read,  because  it  b 
most  liable  to  change ;  the  wet-bulb  is  then  to  be  read,  the  two  readings  to  be  recorded, 
and  a  comparison  with  the  thermometers  made,  to  secure  the  correct  number  of  wfaob 
degrees.  The  obseryer  must  follow  the  directions  under  the  article  Thbbmokbtbb,  ai 
regsrds  pladnff  the  instrument,  correcting  the  thermometer-readinss,  &a 

The  dry-  and  wet-bulb  hygrometer  continues  to  act  eyen  when  the  water  m  froees, 
since  eyaporation  still  takes  place ;  but  especial  care  must  be  taken  that  the  bulb  really 
is  ooyerea  with  ice,  and  if  not,  water  must  be  poured  upon  it,  and  the  obaeryatioo 
delayed  laH  the  water  be  frozen,  and  the  thermometer  sink  to  a  constant  reading,  la 
frosty  weather  it  is  best  to  wet  the  bulb  after  eyery  periodic  obseryation,  or  at  least 
ten  minutes  before  the  next 

7%eory  of  the  Psychrometer. — ^Although  we  may  ascertain  the  dew-point  from  read- 
ings of  tne  dry-  and  wet-bulb  thermometers  on  purely  experimental  grounds,  as  in  aaiag 
Olaisher^s  factors,  the  subject  also  admits  of  mathematical  inyestigation.  Hr.  lyory 
first  solyed  the  problem  (FhiL  Mag.  [3]  Ix.  80)  with  substantial  correctness.  A  ngnst 
of  Berlin,  and  Bohnenberger,  showed  the  coincidence  of  the  theory  with  experi- 
ment, and  determined  the  constants  with  accuracy  (August,  Ueber  die  ForiseiitU 
der  Hygrometrie  tn  der  Neuesten  Zeitf  Berlin^  1830. — Bohnenberger,  Tubinffen  Nat, 
Hist,  She.  Afnaotr^,  yoL  it).  But  the  subject  ia  best  known  in  Endand  from 
Dr.  Apjohn*s  excellent  results  (PhiL  Mag.  [3]  yi.  182;  yiL  266,  470;  xiu.  261). 

We  now  giye  the  inyestigation  as  it  is  stated  by  Begnault  after  the  method  of 
M.  August. 

The  eyaporation  of  a  liquid  inyolyes  the  conyerston  of  sensible  into  latent  heat,  and 
the  supply  of  heat  must  be  drawn  ttom  the  liquid  eyaporated,  from  the  remaimng 
liquid,  or  from  surrounding  objects.  When  air  is  in  ccmtact  with  the  moistened  bulb 
of  a  thermometer,  the  eyaporation  of  the  water  will  reduce  the  temperature  of  the  balb» 
but  the  fiill  of  temperature  will  be  checked  by  heat  communicated  from  the  remaiwW 
of  the  air.  At  some  point,  the  amounts  of  heat  subtracted  and  communicated  wifl  be 
equal,  and  an  inyariable  temperature  of  eyaporation  will  be  the  result. 

Let  us  suppose,  with  M.  Auffusti  that  tne  portions  of  air  successiyely  in  ccmtaet 
with  the  moist  thermometer-buU>  become  thereby  perfectly  saturated  with  moistBre, 
and  are  reduced  to  the  temperature  of  the  bulb. 
Let  w  a-  weiffht  of  stratum  of  dry  air  surrounding  the  bulb  at  0^  C,  and  uider 
the  pressure  of  0760. 
h  a-  height  of  barometer. 

t  im  temperature  of  surrounding  air  given  by  the  diy-bulb  thermometer. 
f  =s  temperature  of  evaporation,  or  3ie  reading  of  uie  wet-bulb  thermometer. 
/andy*a  the  elastic  forces  of  saturated  aqueous  vapour  for  the  tempeiaaim 

t  and  t', 
«  *  the  actual  elastic  force  of  yapour  in  the  air  at  the  time. 
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In  thafltnitiimof  air  sanonndiiig  the  bulb,  thi  dunieons  Tsponr  ezeitB^  elastic  foive 
f^  mnd  the  air  eonaeqaentlj  esLerta  the  elastic  ibroe  A—/".  The  wei|g^t  of  diy  air  is  then 

1        A-/ 
*'*f+^*    80   ' 
«  being  the  coefficient  of  expansion  of  a  gas  for  evezy  degree  of  temperature.    The 
w«^t  of  Taponr  already  in  this  air  is 

in  which  8  represents  the  specific  grsTitj  of  aqaeons  yaponr  in  relation  to  air.  The 
wvi^it  of  yapoor  added  l^  contact  with  wet  bmb  similarly  is 

198  •  n*- • 

1  +  ar       80 

Now,  if  7  be  the  spedflc  heat  of  air,  the  quantity  of  heat  disengaged  by  the  diy  air 
in  oooliDg  from  ^  to  f  is 

Similariy  k  being  the  specific  heat  of  aqueous  vapour,  the  quantity  of  beat  disengaged 
by  the  vapour  previously  in  the  air  is 

Lastly,  let  A  be  the  latent  heat  absorbed  by  water,  when  beooming  gaseous  between 
the  temperatures  t  and  f  . 
The  quantity  of  heat  absorbed  will  be 

Fmu?      30 
Now  when  the  temperature  of  evaporation  is  eonstanti  thi»  heat  absorbed  in  evapo- 
raticB  must  be  equal  to  that  given  out  by  the  air  and  the  other  portion  of  vapour; 

or  we  have,  by  equating  them  and  striking  out  the  &ctor  «  •  ^  .  ^, 

'■ 1 "^ k ^ 

1  +  i  (^-0        i+|(<-0 

Inserting  values  of  the  known  quantities,  namely,  fbr  7,  0*2689,  for  k^  0*2669  (the 
specific  heat  of  aqueous  vapour  being  assumed  equid  to  thiftt  of  air),  for  8,  the  specifie 
gravity  of  aqueous  vapour,  0*6235,  and  for  A,  the  latent  heat  of  aqueous  vapour, 
fiiO-f*,  according  to  the  law  of  Watt^  and  neglecting  some  of  the  smaller  terms^ 

▲agnst  obtains  the  formula  «  «  /  —  — ^  ^^  J-  •  \    the  temperatures  being 

expreased  in  centigrade  degrees. 

Begnault^  using  more  accurate  data^  namely,  for  8,  0*622,  and  for  A,  610  —  t 
(7  —  It  a  0*2669  as  before^  modifies  this  to 

0-429  «-0 
'     ^         610-r 

Experimentally,  Begnault  has  found  that  the  formola  s  ^  f  ^^        ^"T    ' .  A 

g^vee  an  almost  perfect'  coincidence  between  the  calculated  and  true  results,  when  the 
air  is  not  more  than  ^  saturated.  Otherwise  the  first  coeficient  0*429  is  to  be  pre- 
ferred. 

The  formula  which  has  been  most  uMd  in  the  reduction  of  diy-  and  wet-bulb 
observations  is  that  obtained  by  Dr.  Apjohn.  In  the  Greenwich  ooservatieiia  it  is 
given  as  follows : 

•^      88    30  •'      96    30 

The  first  formula  is  to  be  used  when  the  reading  of  the  wet-bulb  is  above  32^  F., 
and  the  second  when  bdow.  In  the  above,  <i  is  the  difference  of  the  dry-  and  wet-bulb 
rradings,  A  the  height  of  the  barometer,/  the  elastic  force  of  vapour  for  the  temperature 
of  the  wet-bulb,  to  be  taken  from  Table  IL,  and  F  the  elastic  force  of  vapour  at  tiie 
dew-point,  from  which  the  dew-point  may  be  found,  if  neoessaiy,  l^  the  table. 
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m  a  otatement  in  JDamelFs  Mitsorolm  [Easayi,  1856]  ii.  100,  it  woold 
Tora  of  results  obtained  bj  Apjohn's  fonnnla>  lia  witJun  oUmmt  ^«F»'t*  i 
led  bj  Olaisher^B  fiictora. 
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I  TOO  Toliime   of   air 
J  weighing    it   upon 


Fig.  571. 


and 
,  the 
chemical  beliuieer  The  neceesaiy 
^yparmtos  {fig.  571)  eoniiflta  of  a 
eommon  aspirator  a  and  two  U- 
•h^ed  diying  tabea  ^  e,  oon- 
tAininff  fragmeDts  of  pnmioe-etone 
aoaked  in  strong  snkhnric  add. 
The  aspirator  being  roll  of  water, 
the  second  tnbe  o  is  detadied, 
weighed  aocnrately,  and  again 
attadied  on  one  side  to  the  other 
diyins  tnbe  h,  on  the  other  side 
to  a  tong  perfeeUfi  dry  tube  d, 
hj  means  of  whiw  air  from  any 
reqniied  pointy  as  tor  instance  „ . 
from  the  open  atmosphere  ont>  nj\  >  _ 
aide  the  laboratoiy  wmdow,  mayf  i  '  ' 
be  drawn  throng^  the  appaiatns.        I— ^^-^ 

The  fixed  dmng  tuM  b  is  employed  to  prevent  any  Tapour  passing  back  from 
the  aspirator.  Ke^ianlt  took  great  pains  to  ascertain  the  least  necessary  size  of  the 
wesghol  dijing  tuM.  He  generally  indeed  employed  two  weighed  tubes,  each  0*18 
metre  in  height,  filled  with  large  naffments  of  pumice-stone.  But  the  second  tube 
rardg  gained  1  or  2  milligrammes  m  weighty  and  chiefl;^  senred  to  afford  a  proof 
that^  the  absorption  l^  the  first  tube  was  complete.  It  is  probably  best  therefore 
to  dispense  witn  a  second  weig^ied  tube^  as  the  increased  error  in  weighing  the  larger 
apparatus  will  probably  be  greater  than  the  minute  weight  of  vapour  which  may  be 
lost  Additional  accuracy  may  dways  be  had  by  increasing  the  vtilume  of  air  passed 
throng  the  tube. 

A  (^terminate  volume  of  water  having  been  aUowed  to  flow  slowly  and  uniformly 
from  the  aspirator  by  the  tap  e,  an  equafvolume  of  air,  of  course,  passes  through  the 
tnbe  c,  and  beeomes  desicnted.  The  weight  of  vapour  absorbed  is  learnt  by  again 
weighing  the  tube  e,  but  to  determine  the  oonesponaing  weu;ht  of  air  with  accuracy, 
we  must  read  the  temperature  at  the  end  of  the  experiment  by  a  thermometer  placed 
in  the  oentre  of  the  aspirator,  and  IDcewise  observe  the  barometer,  then  performing 
the  calculation  as  directed  on  paoe  230. 

This  method  may  also  be  used  to  determine  the  amount  of  water  duapended  in  the 
air  in  the  form  of  mist  or  doud.  The  weight  of  the  watery  particles  is  the  excess  of 
the  whole  weight  absorbed  over  the  tnn-gimnm  weight  of  vapour  (saturated)  as  given 
in  Table  in.  «>lumn  2. 

Tha  i»hAiniftml  ilj^tjtFmm^f'A"  ^  Tl^f^*^  h^a Ivmw  fally  MmmAftrMJ  by  "R yn  n  n Ay.  (Ann. 

Ql  Fhys.  [3J  iii  809.) 

The  chemical  method  mig^t  obviously  be  used  to  determine  the  avenge  amount  of 
vapour  in  the  air  during  any  period  of  time.  It  is  onl^  necessanr  fbr  this  purpose  that 
aperfecUy  unifbrm  stream  of  air  pass  through  the  drying  tube  throughout  the  period. 
The  total  weight  of  vapour  absorbed,  divided  by  the  total  wei^t  of  air  passed  tluough, 
cives  the  required  remilt  Sudi  a  process  was  proposed  l^  Dr.  Andrews  (Brit 
Ajsoc.  1851,  Trans,  of  Sec  p.  29),  who  has  also  descnoed  an  a^irator  suitable  for  the 
pnrpose  ^PhiL  Mag.  [4]  iv.  ZZO\  and  we  know  not  why  it  is  not  adopted,  at  least  in 
aome  of  the  principal  observatories. 

■jTSFOseople  toodiea.  Most  organised  structures  expand  or  contract  acoordins  to 
their  state  of  moisture  or  dryness,  and  many  organic  substances  to  such  a  degree  mat 
they  aiR>rd  veir  delicate  indications  of  hygrometric  changes.  Thus  a  thin  shaving  of 
whalebone  laid  on  the  hand  instantly  curls  up,  and  a  slip  of  whalebone  fhmished  with 
A  multiplying  index  formed  the  hygrometer  finally  adopted  by  Deluc  (Phil.  Trans. 
ri7911  IxxTi.  419).  An  ivory  hygrometer  was  also  constructed  by  Deluc  (PhiL  Trans. 
fl773j  p.  404)  and  Leslie  (Ann.  Ch.  Ph.  i  468).  A  hygroecope  formed  of  pieces  of 
deal-wood  was  designed  in  1676  by  John  Coniers  (PhiL  Trans,  xi  715).  Chimney 
ornaments  are  often  seen  in  which  certain  figures  are  caused  to  move  by  the  contraction 
or  expansion  of  catgut,  thus  indicating  the  approach  of  rain  or  fine  weather.  The  awn 
of  the  Andropagon  eontortum  has  been  used  for  similar  purposes  by  Capt.  Kater;  the 
awn  of  the  Avenafatua^  or  wild  oat,  by  Hooke ;  the  internal  membrane  of  the  Arundo 
ykragmiie$,  or  common  reed,  by  A  di  e ;  and  the  FStnaria  hggrometrica,  or  common  cord- 
moss,  the  arista  of  the  seed  of  the  SHpa  pennitOy  or  common  feather-grass,  bv  others. 
The  hygroscope  usually  placed  at  the  top  of  the  common  barometer  or  weather-glass 
consists  of  an  awn  or  vegetable  filament  which  in  twisting  or  untwisting  moves  a  ught 
index. 
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8aus8ur^3  Hair  Hygrometer  is  the  only  instsnimeat  of  tliis  elaas  whidi  hm  been  np- 
posed  in  late  yean  to  poeseas  any  Bcientiflc  aocnracy  or  importance.     To  oonsiraet  rt, 

Fia  672  ^^°f  *  ^^  ^'^^  staraiffht  haman  hain  mnst  be  ppocored  and  bofled  fix 
^*  half  an  hour  in  a  fitre  of  water  containing  10  grammes  of  cryntaHiwd 

carbonate  of  soda.  After  being  wellwaahed  in  pore  water  and  dried  with- 
out heat,  the  best  hair  is  chosen,  of  a  length  of  about  24  oentimetraL 
One  end  is  fixed  to  the  top  of  the  instrument  (>i^.  572),  and  the  othct; 
beine  passed  round  a  pulley  of  the  diameter  of  6  nulHrnetrea,  is 
attadied  to  a  weight  of  about  0*2  sramme  (3  grauis).  An  iiidai 
fixed  to  the  pulley  moTss  oyer  a  diyided  oirele,  the  diyiaions  dT  whid 
are  determined  by  pbioing  the  instrument  first  oyer  water  and  thco 
oyer  sulphuric  add,  that  is  in  perfectly  moist  iMid  p^ectly  diy  aii;  and 
diyiding  the  space  whicb  the  radex  is  thos  caused  to  monre  oyer  iato 
100  equU  parte.   Whenwellanddelicatdyo(mstnicted»snehanin 


ment  will  promptly  ahow  the  aH^test  chan^  of  aioiitnTe  in  the  ain 
B«pnault,in  his  "Etudes  de  rHygromitne,"  hia  spent  mndi  labour 
and  ingenuity  in  trying  to  render  tae  Hair  JG[ygrometer  scientifically 
uaeftiL  He  has  onlyaucceeded  in  showing  that  two  of  these  inatmmants 
will  giye  yeiy  dififeient  results,  if  there  exists  the  alightest  diffeatoos 
in  the  nature  of  the  haira,  their  preparation,  or  the  wei^t  by  v^deh 
they  are  extended;  that  the  nu»t  csarefiiUy  oonstmcted  instru- 
ments are  but  little  accordant;  and  that,  after  afi,  the  degrees  are  ouits 
arbitraiy,  and  can  only  be  reduced'to  true  degrees  (4  humidity  or  nfee 
of  ac^ueous  yapour,  by  a  table  specially  determined  by  expenment  fbr 
each  instrument  Such  a  table  may  be  found  in  Pouillet's  El€m^emU 
de  Phy»ique,  7th  ed.  il  p.  742,  haying  been  prepared  by  Oay-Luaa»c^  ^ad  supposed  by 
him  to  apply  to  all  Hair  Hyffrometera. 

.  Regnault,  indeed,  has  found  that  the  sero  of  the  Hair  Hygrometer,  at  whidi  it  should 
atand  in  perfectly  dry  air,  is  quite  illusory,  fbr  the  hair  will  continue  to  shrink  more  or 
less  eyen  when  it  has  been  exposed  for  some  months  to  the  dry  air.  He  therefore 
commences  the  sraduation  for  air  about  \  saturated,  or  of  20  degrees  of  humidity. 

KsemtE  (Mfthrologie,  Paris,  1858,  p.  74)  compare  the  table  of  Q«y-Luasae  with 
others  calculated  for  Saussure's  Hygrometer  by  Pnoa^p,  Ni^Uon^  ai)d  Aag«»t.  There 
is  yery  little  accordance. 

A  great  number  of  experiments  on  hygroscopes  and  hynpseomc  subatauoas  are  giyen 
in  the  three  elaborate  papers  by  D  eluc  in  the  PhilosopUcil  Transartaons  (1773  aad 
1791X  and  he  aaya  (Ph.  Trans.  h791]  Ixxxi  40),  "  I  hare  concentrated  in  these  pages 
an  account  of  twenty  years'  assiduous  labours  in  kjfffromciry,  mostly  opcasiened  by  the 
anomaliea  of  the  iygroecopic  threads" 

There  is  a  complete  and  learned  history  of  hy^metiy  by  Suerman,  entitled 
«  Cemmentatio  de  definiendi  Quantitate  Yaporis  aquei  ip  Ainumtkett,**  4ta  I^igd.  3at 
1881. 

In  Prof.  Forbes*  Supplementary  Beport  en  Meteorohyy  (3rit  Asioe.  Report,  1840. 
pp.  95-101)  is  an  excellent  rSsunU  of  the  theory  of  the  wet-bi)lb  thermometer. 

A  ffeneral  account  of  hygrometry,  with  examples  of  the  cnJculationa  required  in  me- 
teorology, is  to  be  fbund  in  Dr.  Drew's  PraeOcal  Meteorology,  W.  S.  X 
M 1  OOMOlt  A  TifW  AOm.    Syn.  with  Htoosouo  Ads. 

■TOOSO&IC  MJOXD.  C"H«H)«.— An  add  obtained,  together  with  g^yeoci]l^  by 
the  action  of  potash  on  hyoplyoocholie  add.  It  is  insoluUe  in  water,  soluble  in 
alcohol  and  ether,  and  cnrstalbses  in  mammellated  granules.  Its  barimm-^aU  dried  at 
180<»  eontaina  G*«H'*Ba''0*.    (Streeker.) 

STOa&TOOOSO&IO  ACID*  C*^^0*.  Formerly  called  ByoohoKe  add, 
^Streeker  and  Gundelach,  Ann.  Ch.  Pharm.  Ixii  205.)— An  add  which,  in  the 
form  of  a  aodium-aalt,  constitutes  the  prindpal  part  of  the  bile  of  the  pig :  hence  its 
name  (from  St,  Us  a  pig.  and  xp^'h  bile). 

To  prepare  the  sodium-salt  in  the  pure  state,  the  f^h  bile  is  completely  saturated 
with  sulpnate  of  sodium ;  the  mixture  is  heated  for  some  hours  on  a  sand-bath,  and 
then  left  to  cool ;  and  the  resulting  predpitate^  consisting  of  hyoglycocholate  of  sodium 
mixed  with  mucus  and  a  small  quantity  of  yellow  colouring  matter,  is  washed  with  a 
concentrate  solution  of  sulphate  of  sodium,  first  by  decantation  and  then  on  a  filtet^ 
after  which  it  is  dried  at  110^  C.  and  treated  with  absolute  alcohol,  which  diseolyce  the 
hyoglycocholate  of  sodium.  The  alcoholic  solution  is  decolorised  with  animal  rharpoal, 
then  precipitated  by  ether,  and  tbe>predpitate  is  dried  at  100^. 

The  free  acid  is  obtained  by  precipitating  the  aqueous  solution  of  the  sodium-salt 
with  dilute  sulphuric  add,  dissolying  the  predpitate  in  alcohol  and  predpitating  with 
water.      The  uquid  is  milky  at  first,  but  becomes  limpid  after  a  waile,  and  deposits 
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solution  of  carbonate 
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and  tffamaceB  with  adds,  in  consequence  of  small  masses  of  calcspar  disseminated 
thiuugh  it ;  scarcely  magnetic,  and  with  a  weathered  crust : 

SIO"         Al«OS       Ffl*OS        CaO  MgO         K>0        Na«0       H^O 

a.  49-90      16*04        7'81      14-49      1008      0-66      1-68      1*46  -  102*01 

b.  49*97 

c.  66*20      16*26      13*40        960        3*21 

d.  61*98      16-27      18*63        7*34        6*86      3*30      120      271  -  102 18 

e.  64-44      1806        9*64 

anvOBSOmm  ACIB«  BrHO. — ^The  formation  of  bleachine  liauids  analcrfons 
to  the  hypochlorites  bj  the  action  of  bromine  on  solutions  of  the  a^alis  and  alkuine 
earths  was  noticed  hj  Balard  in  his  original  memoir  on  bromine  (Ann.  Gh.  Phys.  [2] 
TTTJi.  887),  and  subsequently  by  Ld wig  (Pogg.  Ann.  ziy.  14,  485),  Fritzsche  (J.  pr. 
Chem.  zziT.  294^  and  Oay-Lussac  (C^pt  rend.  ziy.  951).  Balard  also  found  that 
bromine-water  forms  with  mercuric  oxide  a  sparingly  soluble  oxybromide  of  mercury 
and  ableadiing  liquid  which,  by  distillation  in  a  yacuum,  yields  a  liquid  also  possessing 
bleaching  properties,  and  supposed  to  be  hypobromous  add  (i.  679). 

More  recently,  Spiller  (Jahresber.  1869,  97 ;  1862,  73)  and  Dancer  (ChenL  Sec. 
J.  zy.  447)  have  shown  that  when  bromine  is  added  to  excess  of  solution  of  nitrate  of 
■Uyer,  half  the  bromine  is  precipitated  as  bromide  of  silyer,  while  the  other  half  remains 
in  solution  as  hypobromous  acid,  forming  a  strongly  bleaching  liquid,  firom  which,  ac- 
eording  to  Dancer,  the  hypobromous  acia  may  be  distilled  under  a  pressure  of  60  mm. 
oi  mflfcni^,  the  liquid  then  boiling  at  60^.  &e  distillate,  which  does  not  contain  free 
bromine,  is  straw-yeUow,  has  an  acid  reaction,  bleaches  strongly,  and  decomposes  when 
heated  aboye  60^.  It  gaye  by  analysis  numbers  corresponding  with  the  formula  of 
hypobromous  add. 

Hypobromous  add  is  likewise  obtained  in  solution  by  agitating  bromine-water  with 
czeess  of  mercuric  oxide  or  oxide  of  silyer.  When  bromine  is  brought  in  contact  with 
excess  of  dry  mercuric  oxide,  the  mixture  becomes  yery  hot.  By  heating  the  two 
substances  together  in  a  sealed  tube  to  100^  a  powder  is  obtained  which  smells  like 
chloride  of  lime  and  bleaches  when  moistened  with  water ;  it  is  a  mixture  of  mercuric 
oromide,  oxide  and  hypobromite.  If  the  bromine  is  in  excess,  a  solid  mass  is  formed 
consisting  merely  of  mercorio  bromide  and  oxide.  Oxjgan  is  set  free  in  both  cases. 
(Dancer.) 

All  attempts  to  prepare  hypolwomous  anhydride  by  methods  similar  to  those  which 
yield  hypochlorous  anhydride  (i.  908)  were  unsuccessful,  the  compound  being  decom- 
posed, both  at  common  temperatnres  and  at  — 18^,  into  bromine  and  oxygen. 

BTVOCH&OXZO  AOXB.  Syn.  with  Perchloric  oxide.  (See  Ghlobdo,  Ozidss  of, 
L  912.) 

SCTOCSX^ratira.  (Grwne  EXsenerde,) — ^A  mineral  ooeorringj  at  Schneebei]g^ 
Johanngeorgenstadt^  and  Briinnsdorf  in  Saxony,  in  minute  greenish  crystals  and 
grains,  or  masstre  and  earthy.  It  contains,  according  to  Schuler^s  analysis,  60*24  per 
cent,  silica,  14*66  alumina,  13*03  oxide  of  binnuth,  10*64  protoxide  of  iron,  and  9-62 
phosphoric  anhydride,  with  a  trace  of  manganese,  and  is  perhaps  a  silicate  of  bismuth 
and  iron  mixed  with  phosphate  of  aluminium.    (Dana,  iL  182.) 

BTVOCBXiOSXTSS.  CIMO. — The  formation,  |;eneral  properties  and  reactions 
of  these  salts,  and  the  methods  of  estimating  the  quantity  of  arailable  chlorine  contained 
in  them,  hayebeen  already  described  under  Chlobinb  (i.  904,  908).  For  the  prepara- 
don  of  hypochlorite  of  calcium,  its  uses  as  a  bleaching  and  disinfecting  agent,  and 
Jie  methods  of  estimating  its  commercial  yalue,  see  Ur^s  Dictionary  o/  ArtSf  &c. 

904 ;  also  Biehardson  and  Watts's  Chemical  Technology^  yol.  i.  pt.  3,  pp.  360-426. 

A  sample  of  *'  chloride  of  lime/'  analysed  by  F.  Rose  under  the  direction  of  Frese* 
nius  (Ann.  Ch.  Pharm.  cxyiii.  317),  yielded  26-72  per  cent.  CaClH)*,  25*51  CaCl*, 
23*06  CaO,  and  24*72  combined  and  h^rgroscopic  water.  On  repeatedly  triturating 
it  with  fresh  quantities  of  water  to  a  thin  pulp,  the  chloride  of  caldum  was  found  to 
dissolye  at  the  first  trituration,  the  hypochlorite  only  at  the  third.  Hence  Fresenius 
concludes  that  the  two  salts  exist  in  the  bleaching  powder  merely  in  a  state  of  mixture, 
or  at  most  as  a  loose  combination  easily  decompoiBed  by  water.  He  regards  bleaching 
powder  as  a  mixture  of  hypochlorite  and  bamc  chloride  or  oxychloride  of  calcium, 
CaCl«0*  +  (CaCl».2CaO)  +  4H«0.  The  basic  chloride  is  resoWed  by  water  into  chloride 
and  hydrate  of  calcium. 

Solutions  of  the  hypochlorites  of  the  alkali-metals  haye  long  been  used  as  disinfect- 
ing agents.  The  so-called  chloride  of  soda  or  Labarraque's  disinfecting 
liquid,  is  a  mixture  of  hypochlorite  and  chloride  of  sodium,  prepared  by  passing 
chlorine  into  a  solution  of  caustic  soda  or  carbonate  of  sodium,  or  by  decomposing 
hypochlorite  of  caldum  (bleaching  powder)  with  carbonate  or  sulphate  of  sodium.  In 
the  first  mode  of  preparation,  about  40  lbs.  of  soda-crystals  are  dissolyed  in  about  20 
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*,  and  a  stream  of  chlorine  is  passed  throngh  the  solution  till  it  hi 
Sc  gravitj  of  1*06.    A  rise  of  tile  density  above  this  point  indicates  tJ 
lorate  of  sodium.     To  prepare  the  disinfecting  liquid  by  the  aecof 
SO  lbs.  of  good  bleaching  powder  are  dissc^red  in  about  26  gallons  • 
he  filtered  liquid  is  added  a  solution  of  40  lbs.  soda-dystals  in  aboi 
rm  water.     The  filtered  solution  constitutes  Labarraque's  liquid. 
r  Potash  or  Ekiu  de  JaveUe  is  a  mixture  of  hypochlorite  and  chloric 
epared  by  similar  methods. 
A  kypodmotUe  of  magnetium,  p 
uitment  quantity^  of  suphate  of  i 
than  other  chlorine-compounds  f< 
9/Muimimum,  prepared  by  mizii 
hypochlorite  of  oaldum,  is  leooi 
a  bleaching  and  antiseptic  agent 
"eiy  rapidly  on  oiganic  matters, 
te  of  aluminium,  all  the  hypoch 
bath  while  the  alumina  remains  a 
t/*  Zm«  is  also  used  as  a  mordant)  ai 
Iviii.  378),  on  account  of  its  re 
tion  of  chloride  of  lime  may  Im 
ride  of  sine  instead  of  a  mineral  a 

raum  AcoB  and  jkMmrmm 

lydride,  and  when  the  latter  con 
B  of  not  mora  than  6  or  6  gnns.  at  i 
k-red  thicJriwh  liquid  is  formed,  w 
I  ai)pax«ntly  eonnsting  of  01*0.4£ 
ruddody  rused  to  a  mf^er  temj 
into  smphurio  and  hypochloroui 
ising  asent  on  suflar,  alcohol,  ao 
rith  ofohition  of  duorine  and  Ibm 
Uarona  anhydride  is  nassed  into 
ikes  plaoe  as  soon  as  toe  eoatainin 
B  being  evolyed  and  a  red  yisci< 
pochlorons  anhydrides  in  a  pfopoi 
ipt  rend,  lii  ISiS ;  liii.  6S8 ;  Jaim 


C'«H»0 
H 


i»~ 


;  disooyered  in  1865  by  Gossmann  ai 
i  of  earthnut  {ArackU  k^poama)  It  is 
cid,  disooyeted  in  1844  by  Hofstiidt< 
BTSBTOLUC  aced),  also  with  the  add  o 
^  an  acid  produced  by  the  saponificatio: 
in  the  Mexican  plant»  Coocut  Axin,    { 

lom  Ettirik-^iut  oi/.— The  U,\\j  adds  of 
ftlmitie  acids  are  predpitated  by  ammc 
I  remoyed ;  and  the  filtrate  is  mixed  ^ 
al  acetate  of  lead.  The  predpitateis  co 
I  ether;  the  ethereal  solution  is  aeiti 
b  of  lead  is  filtered  off;  the  filtrate  is  s 
air  l^  boiling;  the  ethereal  layer  whi 
b  is  taken  off;  and  the  ether  is  remoyed 
;  deposits  yellowish  crystals,  which  m 
fiom  alcohol  at  a  yery  low  temperatu 
obtained  fit>m  the  mother-liquor.  (G< 
elds  by  oxidation,  aginin  insoluble  ii 
ssolyea  out  by  ether,  and  oystallisee  £ 
I  crystallises  in  stellate  groups  of  needl 
add  melts  at  30^  and  solidifies  at  28< 
[len  exposed  to  the  air,  it  acquires  a  yel 
dlises  with  difificulty,  eyen  at  yeiy 
distillation,  it  first  giyes  off  a  reddisl 
sebadc  add,  and  la&y,  a  fetid  oil,  le: 

onyerts  hypogeic  add  into  the  isomeric 
1  the  same  manner  as  daidic  to  oleic  ai 
manent  in  the  air,  mdting  at  38^,  soli< 
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form  OD  eooling,  tod  Toktilithig  nndeoompoted  at  higher  tompemtiiMt.    (Caldwell 
and  GostmanD,  Ann.  Ch.  Phann.  zdz.  306.) 

Hypogsie  add  is  monobaaie.  The  barium-salt  is  obtaiDed  by  adding  alooholio 
aoetata  of  barium  to  an  alcoholic  solution  of  the  add  mixed  with  excess  of  ammonia, 
in  white  grains  which  dissolve  when  heated  and  separate  again  on  cooling. 

I^fpogmait  rf  Cofper,  G*'H**Oa''0^,  is  obtained,  m  like  manner,  by  mixing  alcoholic 
cnpiie  acetate  with  a  hot  alcoholic  solution  of  the  acid  containing  ammonia,  and  sepa* 
xaites  on  cooling  in  Tiolet-blne  ciystalline  grains,  soluble  in  alcohol  and  cohering  to  a 
tfansinoent  wax  at  7i^.— &a«k^  of  copper  is  obtained  by  mixing  aqueous  gaidate  of 
•odivm  with  cnpric  sulphate,  as  a  scarcely  oystalline  precipitate,  which  dissolyes  with 
diflbnlty  in  alcohol,  and  separates  therefrom  in  granules.  It  melts  without  decom- 
{KMition  at  a  tampetttare  abore  120^. 

Rypogmai$  of  EtM,  C''H*(0'fl*)0*,  b  obtained  by  passing  hydrochloric  add  f;as 
thnmgh  a  sohitioa  of  hypognc  add  in  alcohol  of  96  per  cent  and  separates  on  warminff 
tha  bqmdi  as  an  oil  whidi  majr  ba  fireed  from  adhering  add  b^  washing  with  smaU 
qvantxties  of  alcohol,  and  dried  in  a  stream  of  carbonic  anhydnde  between  100°  and 
120^.  It  is  yeUow,  modoroa%  lighter  than  water,  but  sinks  in  alcohol,  in  which  it  is 
but  aligjbtly  soluble.    Not  Tolatile  without  decomposition. 

QSidaU  ^  Etit^  is  prepared  by  passing  hydrochloric  add  gas  through  a  solution 
of  gjaidie  aesd  in  absolute  alcohol,  pedpitating  after  12  hours  with  water,  and  subject- 
ing the  ispawted  mixtars  of  guklie  ether  and  gaidic  add  to  a  second  treatment  with 
hydiodiknc  add.  The  prodnct  is  washed  and  dried  at  100°  in  a  stream  of  hydrogen* 
&  ia  a  ooloarlesa,  lamino-eFystalline  mass,  whidi  melts  between  9°  and  10°,  and 
^atiliaas  undeoomposed  at  a  higher  temperature.  It  is  inodorous^  lighter  than 
water,  heaTier  than  alcohol,  and  sparingly  soluble  in  alcohol 

GiSdate  cf  8Ufm'  is  obtained  by  predpitation  as  a  white  amorphous  mass  which,  when 
washed,  uid  especially  if  heatea  with  water,  alcohol  or  ether,  turns  black  without 
disaolring. 

GaiAils  o/9otUwm  is  obtained  by  dissolring  the  add  in  aqueous  carbonate  of  sodium, 
eraporating,  and  ezhaustinff  the  reddue  with  absolute  alcohol^  the  solution  on  cooling 
depodts  tlM  salt  as  a  translueent  jelly :  from  dilute  solutions  it  separates  in  crystalline 
grains. 

MlJNKIA^WfO  AOUK  C^H)\  (Matthiessen  and  Foster,  Chan.  Soc  J. 
jtri  860.)— An  add  produced  hj  the  aation  of  boiling  eottcentnted  hydxiodio  add  on 
hemhanie  add  (p.  142) : 

C»«H»»0«  +  2H1     -     CTB[«0*  +  2CH1  +  C0». 
Hmlplnie  Hjrpogalllc       Iodide  of 

add.  add.  matbyl. 

It  is  isomene  with  eatbohycboquinonie,  protocatechuie  and  ozynlic^lic  acids,  and 
intermediate  in  oompodtion  between  salic^c  add,  CHH)*,  and  gallic  add,  C'HH)*. 

Hypogallie  add,  when  pure,  is  only  sUghUy  soluble  in  cold  water,  but  dissolrea 
easily  in  hot  water,  alcohol,  and  ether ;  its  solution  reacts  strongly  acid  with  Utmus- 
paper.  It  separates  from  hot  water  in  small  prismatic  arstals,  united  into  stellate 
groups,  and  containing  1}  at  water  of  crystalhsation,  which  they  lose  at  100°.  The 
add  melts  at  about  180°,  but  as  it  besins  to  decompose  even  at  a  lower  temperature, 
its  meltinff-point  could  not  be  accuratdy  asoertained. 

Hypoguhc  add  gradnally  turns  brown  when  heated  in  the  air  to  a  little  abore  100° ; 
the  same  change  oocms  more  oniokly  whan  a  solution  of  it,  especially  if  neutral  or 
•iVmHtia  ts  evaporated.  Added  to  solution  of  nitrate  or  ammonuMutrate  of  silver,  it 
eamea  an  immediate  predpitation  of  metallic  silver,  even  in  the  cold ;  with  sttlpkate 
of  copper  and  a  slight  excess  of  potash,  it  gives  a  yellowish  green  solution,  fhnn  which 


of  iron,  it  gives  an  intense  indigo-blue  coloration,  which  is  changed  to  violet  by  a  very 
smaU  quantity  of  ammonia,  and  to  blood-nsd  by  excess  of  ammonia,  no  predpitate 
being  prodaesd,  ilsastaonrechehkrids  of  iron  has  been  used;  the  cdour  is  destroyed 
by  strong  adds,  but  restored  by  neutralisation  with  alkali,  and  partially  by  addition 
of  water.  A  solution  of  the  add  immediately  becomes  brown  on  addition  of  oliBoli, 
the  ccAcfor  quickly  beeoming  darker  by  exposure  to  the  air.  With  ammonia  and 
ekhride  of  barium  or  calcium,  it  g^ives  a  brownish  white  flocculent  predpitate ;  with 
acetate  of  lead,  a  pale  yellow  predpitate. 

Hvponllic  add  is  decomposed  by  heat  into  carbonic  anhvdride  and  a  substance 
whidi  sMidifies  in  the  nedL  of  the  retort  to  a  colourless  crystalline  mass.  The  decom- 
poailaon  begins  al  about  170°,  and  goes  on  rapidfy  at  200°.  The  crystalline  pro- 
duct melts,  in  the  crude  state,  at  about  90°;  it  dissolves  easily  in  water,  and 
crystaUiaea  in  needles  when  the  solution  is  evaporated.  It  is  nqpidly  attacked  l^  nitrio 


Digitized  by 


Google 


HYPO-IODIC  ACID— HYSSOP,  OIL  OF. 

even  when  dflnted,  gtring  a  red 
a  blaiflh-black  amorphons  preci] 
insh- white  precipitate,  soluole  ii 
T  oolonr  by  exposure  to  air  in  < 
prepared  in  snmcient  quantity  f< 
e  three  adds  above  mentioned  i 
solubility  in  water,  alcohol,  and 
ition  with  the  smaUest  trace  of 
DC  dark  brown  when  mixed  will 
)  precipitate  with  acetate  of  lea^ 
uirbonic  anhydride  and  oxyphei 
»e  acids  appear  to  have  quite  th 
rtant  points  in  which  dif&rences 
l\  molecule  of  water  (14*9  per  eei 
1  molecule  (10*4  per  cent),  and 
liicylic  acids  give  a  dark-blue  c 
aoark-green  colour.  HyposaU 
[)ld;  carbohvdroquinonicacid  re 
ilicylic  add  has  no  action  on  nitr 
boiled.  Carbohydroquinonicad 
te,  tartaric  add,  and  excess  of  p( 
ime  solution.  HypogaUic  ada 
m  and  ammonia ;  protocatechuic 
ences  may  perhaps  be  due  to  ace 
nodes  of  preparation. 
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distillation  with  water.    It  is  yellow  when  freth,  but  tona  red  by  keeping;  has  a 
shazp  taste  and  smells  like  camphor. 

STSTJLTnnik    Syn.  with  Iimmsjtm, 


A  Tsriety  of  agate. 
A  silicate  from  Montoral,  near  Toledo,  ooenning  in  large  six-sided 
prisms  with  basal  cleaTage.  Hardness  >»  2*6.  fibecific  ^Tity  ■»  2*89.  Contains, 
aoeording  to  Norlin  (Eongl.  Yetensk.  Akad.  Forhandlmgar,  1844,  216),  40*90 
per  cent,  SiO«,  30*74  A1*0«.  16*47  FeO,  MnO  1-S8.  0*40  CaO.  0*81  MgO,  4*67  K«0, 
0*04  NaK),  6*66  H*0  -  99*82.  '  Fuses  to  a  dark  pearl  before  the  blowpipe.  It  is  pro- 
bably allied  to  dichnnte. 

lOM-BWJkMm  A  name  sometimes  aj^ed  to  a  transparent  Tariety  of  felspar  found 
in  YfsuTian  lavas :  the  term  includf*s  pellucid  yaiietiee  of  other  species  of  felspar. 
(Dana.) 

20aZJLVB-SFAX«    Transparent  calc-spar.    (See  Calc-Spar.) 

lOSTBXSZW.    A  substance  contained  in  the  immature  eggs  of  cyprinoid  fishes. 

XCMTHIW.  The  azotised  constituent  of  the  eggs  of  cartilaginons  fishes.  It  is 
easily  extracted  firom  the  eggs  of  the  ray  by  pouring  the  yolk  into  a  large  quantity  of 
distiUed  water,  washing  the  dense  granules  which  fidl  to  the  bottom  till  thei  wash- 
water  contains  only  traces  of  albumin  and  saline  matters,  and  finally  exhausting  them 
with  alcohol  and  ether. 

Ichthin  thus  obtained  forms  homogeneous,  white,  transparent  ^ins,  soft  to  the 
touch,  insoluble  in  water,  alcohol,  and  ether.  Hydrochloric  add  dissolyes  it  without 
fiolet  coloration ;  it  is  also  readily  soluble  in  dilute  acetic  and  phosphoric  add,  and  in 
other  adds  in  the  concentrated  state.  Solutions  of  potash  and  soda  dissolve  it  slowly ; 
ammonia  does  not  act  upon  it.  It  gives  by  anslysis  60*2  to  61*0  per  cent,  carbon,  6*7 
to  7*8  hydrogen,  14*7  to  16*4  nitro^n,  and  1*9  phosphorus  (?).  It  does  not  appear  to 
contain  sulphur.  It  leaves  but  a  trace  of  ash  when  burnt  (Valenciennes  and 
Fr^my,  Compt  rend,  xxxviiii  480,  628.) 

XCSTBirXiZir.  The  very  youne  ecgs  of  cyprinoid  fishes  contain,  beddes  icUiidin, 
a  strongly  albuminous  liquid  which  no^  in  suspendon  certain  mineral  salts,  together 
with  icthulin,  which  may  be  predpitated  by  water.  When  first  precipitated,  it  is  viscid 
like  gloten ;  but  when  treated  wita  alcohol  and  ether,  it  loses  its  viseodty  and  becomes 
•olid  and  pulverulent  like  ichthin,  it  dissolves  in  acetic  and  in  phosphoric  add,  also 
IB  hydrochloric  add,  without  violet  coloration.  It  contains  62*6  to  63*3  per  cent 
ctrbon,  8*0  to  8*3  hydrogen,  16*2  nitrogen,  1*0  sulphur,  and  0*6  phosphorus  (?).  It 
seems  to  disappear  as  the  eggs  approach  maturity,  and  to  be  replaced  by  albumin. 
(Valenciennes  and  Fr^my.) 

XOSTKTOCC&&  or  ZBXWfiUbASS.    See  GiukTiM  (ii.  826). 

lOHTH  yo#HT  y  II  luWmMm    Syn.  with  Apothtlutb  (L  861). 

KTfO  /I  wB1i¥W»  A  resin  very  similar  to  elemi,  obtained  from  trees  veiy  common 
in  Gmma,  belonging  to  the  order  Terelnntkaeea,  It  occurs  in  small  messes  or  opaque 
grains,  having  a  vdlowish-white  colour,  and  a  sweet,  rather  agreeable  odour,  the 
strength  of  which  is  increased  l^  heat  It  is  friable  and  tastdess.  It  gives  no  nothing 
to  water,  and  is  but  sparingly  soluble  in  alcohol,  requiring  for  complete  solution  46 
parts  of  cold  alcohol  of  36°,  and  16  parts  of  boiling  alcohol;  it  dissolves  also  in  3) 
parts  of  oil  of  turpentine  at  ordinary  temperatures.  It  is  insoluble  in  alkalis.  Its 
tkoholic  solution  does  not  predpitate  lead  or  silver  salts. 

Idca-redn  is  composed  of  three  dis^ct  substances,  separable  by  their  difieient 
degrees  of  solubility  in  alcohol 

a.  If  the  refdn  be  completely  dissolved  in  boiling  alcohol,  one  of  these  substances, 
via.  brean,  ciystallises  on  cooling.  It  has  the  composition  of  cholesterin,  and  forms 
white,  tasteless,  needle-sha^  crystals,  insoluble  in  water  and  in  alkalis,  snaringly 
tuluble  in  alcohol,  and  havmg  a  neutral  reaction.  It  melts  at  167^,  and  solidifies  on 
celling  to  a  mass  resembling  amber.  By  dry  distillation  it  yields  empyreumatic  oils, 
a  volMile,  solid,  amorphous  substance  which  collects  in  the  neck  of  the  retort,  and 
a  small  reddue  of  charcoal.  It  is  dissolved,  with  red  cobur,  by  sulphuric  add,  and 
predpitated  unaltered  by  water.  Nitric  add  decomposes  it,  with  evolution  of  nitrous 
fumes,  forming  a  yellow  body  soluble  in  excess  of  nitric  add,  and  predpitated  on 
addition  of  water. 

Vol.  m.  R 
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The  icasuratfM  are  for  the  most  part  solnble  in  water  and  in  aleohoL  The  ammo' 
miumsaU  is  perfectly  neutral,  does  not  precipitate  the  salts  of  iron,  mercuiy,  or  silver, 
bat  colours  copper-salts  green,  and  then  forms  a  greenish-white  precipitate  sparingly 
•olnble  in  water. 

XOASmUJfS.  An  alkaloid,  discovered  in  1853  by  Desnoix  (J.  Pharm.  [3], 
xxT.  202).  It  exists  in  nux  voTttiea,  and  is  found  in  the  mother-liquors  from  whicn 
strychnine  and  brudne  haye  been  precipitated  by  lime  at  the  bolHng  heat  These 
mother-liquors,  if  sufficiently  concentrated,  deposit  the  igasurine  in  crystals  on  the 
»ide8  of  the  TesseL  It  may  be  purified  by  dissolving  in  water  acidulated  with  hydro- 
chloric add,  treating  the  sdution  with  anunal  charoral,  predpitating  by  ammonia,  and 
redystallising. 

Igasurine  crystallises  in  colourless  prisma,  haying  a  silky  lustre.  It  is  more  soluble 
in  crater  than  strychnine  or  brucine,  dissolving  in  200  parts  of  cold  and  100  parts  of 
boiling  water ;  it  is  sparingh-  soluble  in  ether,  very  soluble  in  alcohol.  The  alcoholic 
solution  turns  the  ^lane  of  polarisation  to  the  left:  ^  a  ]  -■  —  62*9^.  It  has  not 
been  analysed,  but  its  atomic  weight  appears  to  be  intermediate  between  those  of 
BtiTchnine  and  brudne. 

Igasurine^  when  heated,  melts  and  gives  off  water  (about  10  per  cent) ;  at  a  higher 
temperature,  it  is  decomposed,  with  evolution  of  ammoniacal  vapours.  Strong  8ulphurio 
acid  communicates  to  it  a  rose-colour,  which  passes  to  yellow,  and  then  to  yellowish- 
green.  JHtrie  add  colours  it  deep  red  like  brucine ;  on  adding  a  few  drops  of  stannous 
chloride,  the  colour  changes  to  violet  Chlorine^  passed  into  a  very  dilute  solution  of 
hydrochlorate  of  igasurine,  produces  first  a  roso,  then  a  red,  then  a  yeUow  colour,  each 
iHibble  of  gas  being  enyelojMsd  by  a  white  pellicle,  which  is  gradually  depodted  in  the 
pulverolent  form.  If  the  st^am  of  chlorine  be  discontinued,  the  predpitate  redissolves 
on  agitation,  and  the  solution  soon  afterwards  loses  its  red  colour,  retaining  only  a 
slight  greenish  tint  Iodide  of  potassium,  added  to  a  solution  of  igasurine,  produces 
a  crystalline  predpitate  after  a  considerable  time ;  ioduntted  iwiide  of  potassium 
immediately  fbrms  a  brown  predpitate.  Igasurine  is  not  predpitated  by  enlorate  of 
potansinm,  but  its  solutions  yield  a  yellow  predpitate  with  tetrachloride  of  platinum, 
white  with  tannin,  and  with  if^fusion  of  gaUs. 

Igasurine  is  intensely  poisonous,  being  intermediate  in  power  between  strychnine 
and  brucine. 

Igasurine  dissolves  easily  in  dilute  acids,  and  is  predpitated  from  the  solutions  by 
potash,  soda,  and  ammonia,  the  precipitate  redissolving  in  excess  of  the  alkali,  espe- 
cially in  potash.  It  is  also  precipitated  in  needle-shaped  crystals  by  acid  carbonate 
ofsodittm,  or  potassium,  in  presence  of  tartaric  add. 

The  salts  of  igasurine  are  for  the  most  part  crystallisable.  The  sulphate  forms 
colourless^  silky  crystals,  soluble  in  about  4  pts.  of  boiling  water,  and  10  pts.  of  cold 
water.  The  hydrochlorate  resembles  the  sulphate  in  form,  but  dissolves  in  2  pts.  of 
hot  and  about  4  pta.  of  cold  water.  The  nitrate  forms  colourless  crystals,  more 
soluble  in  water  than  either  of  the  preceding  salts. 

According  to  Schiitzenberger  (Compt  rend.  xlvi.  1234;  Ann.  Ch.  Pharm.  cviii. 
348X  igasurine,  prepared  as  above  from  the  seeds  of  Strychnos  nux  vomica,  yields  by 
treatment  with  hot  water,  and  fractional  crystallisation,  no  fewer  than  nine  distinct 
bonm.  all  colourless,  very  bitter,  and  acting  like  strychnine.  They  crystallise  in 
transparent  needles,  or  in  nacreous  bulky  ge^es.  They  are  reddened  by  nitric  add 
like  brudne,  which  they  also  resemble  in  tiieir  chemical  reactions,  but  they  are  more 
soluble  in  water  and  in  alcohol  They  all  contain  water  of  crystallisation  (3  or  4  at), 
which  they  eive  off  at  100^.  Schiitzenberger  distinguishes  them  sa  a,  b,  c,  ^ 
igasnriDe,  and  assigns  to  them  the  following  formtilsB : 

Igasurine  «.  C"H^«0«.3H»0  very  slightly  soluble. 
b,  C'«H»«N«0'.3Hn)  slighUy  soluble. 
„         c.  C»«H«*NK)«.3H«0  moderately  soluble. 
d.  C5»*H«N*0«.8HK) 
s.  C»«H»^n)«.3H«0 
/.  OnH"NK)«.3  or  4HH>        „ 
a,  C«»H«W^O«  3HK)  very  slightly  soluble. 
„        *.  C«»H«^«0«.3H«0  moderately  soluble. 
t.  C«*H*NK)».3H«0 

j^Mrine  /  yields,  by  oxidation  with  nitrous  acid,  a  base  having  the  fiMmula 
CPW^H^,  which  crrstulises  in  colourless  needles,  containing  4  at  water,  melting  in 
their  water  of  crystallisation  at  100^,  and  coloured  red  by  nitric  add. 

In  the  abaenoe  cf  oonfimnatoiy  evidences,  these  results  must  be  considered  rathei 
doubtful 


1^.  with  Hobn-Lbad.    (See  Lbad,  Chlobidb  of.) 
B  2 
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IGLITE  —  TLIXANTHIN. 


ECHLrm  or  ZO&Oxn.  Syn.  wil 
EKDBFOVBXra.  A  cohimbite  1 
rao-adamantine  Imitre.  Specific  gn 
CXiZCZO  JLCna>.  (Moldenhaa< 
ned  in  the  leaves  of  the  holly  (//ex 
h.  bases.  To  prepare  the  calciuin-s 
itated  with  basic  acetate  of  lead ;  i 
heated  with  hydrate  of  lead;  the 
d ;  and  the  filtrate  is  reduced  to  a  i 
rifled  by  pressing,  dissolving  in  wat< 
:h  the  help  of  animal  charcoal,  whei 
Uicate  of  calcium  contains  12*86  per  i 
oluble  in  alcohol.  An  aqueous  solut: 
n,  copper^  or  silver ^  but  produces  a 
Ural  and  basic  acetates  of  lead,  W 
d,  a  colourless  syrup  is  formed,  whi 
bonate  of  barium,  yields  amorphous 
SoUy-leaves  gathered  in  January  a 
es  with  the  extraction  of  the  acid. 
CZiZOZW.  The  bitter  principle  of 
epert  Pharm.  zli.  230),  the  decoctic 
lead ;  carbonate  of  potassium  is  ad 
f  excess  of  the  lead-salt ;  and  the  fill 
ered,  saturated  with  carbonate  of 
Tacts  from  the  syrup  a  light  bror 
ers,  dries  up  to  small  shining  scal< 
ol^ol,  the  alcoholic  solution  evapc 
Xfin  at  40^.  The  filtrate  is  predpita 
lead  by  sulphydric  acid,  evaporates 
^in,  and  leaves  it  behind  on  evapo 
Tact  may  also  be  treated,  as  above, 
bonate  of  calcium  in  succession,  U 
m  the  residue  by  alcohoL  It  is  a  1 
ill  containing  a  little  potash),  conve 
nee,  with  empvreumatic  odour.  It 
ler.— Lebourdin  (Ann.  Ch.  Pham 
ii  animal  charcoal,  then  heats  it  tl 
I  now  colourless  and  tasteless  liqu 
irith  alcohol ;  and  leaves  the  filtral 
ter  syrup,  and  finally  an  amorphoi 
ohoL — ^Moldenhauer'silicin(Ani 
m  this.  Moldenhauer  removes  the 
distillation,  and  the  separated  resin 
d ;  washes  the  yellow  precipitate,  ai 
d.  The  sulphide  of  lead,  after  bei 
ohol,  as  a  very  bitter,  dark  browi 
tor. — ^Bennemann  (N.  Br.  Arch,  i 
obtains  as  follows:  He  precipitc 
somposes  the  washed  precipitate  und 
m  the  sulphide  of  lead,  and  evapoi 
idue  with  alcohol,  and  leaving  tl 
Uuned,  bat  not  in  sufficient  quantity 
KUZAVTBZW.  C>'H"0".  (Ifl 
>8tance  oeeurring  in  the  leaves  of  tl 
January  contain  scarcely  any  ilixai 
ge  quantitv.  The  leaves  are  exhs 
18  obtained  is  freed  from  the  grea 
idue  is  set  aside  to  ciystallise.  Th< 
ed,  washed  with  ether  to  remove  th 
alcohol,  and  again  separated  by  evai 
lystallised  from  hot  water.  A  fnrtl 
\  mother-liquor  by  reducing  it  to  a  i 
}  alcoholic  solution,  dissolving  the 
»tate  of  lead.  The  washed  precipitai 
d,  and  the  filtrate  is  evaporated  to  a 
straw-yellow  microscopic  needles,  wl 
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ILMENITE  — IMAIRA  STONES.  245 

IlixAUtliiii  boils  and  decomposes  at  216^.  It  does  not  reduce  an  alluJine  solution 
of  cutfHc  oxide,  sren  on  prolonged  boiling.  It  is  neariy  insoluble  in  cold  water,  but 
diasoiTes  easily  in  hot  water,  forming  a  yeUow  solution ;  also  in  alcohol,  but  is  insoluble 
in  ether.  It  dissolyes  in  warm  concentrated  hydrochloric  acid.  The  colour  of  the 
aqueovs  solution  is  changed  to  orange-yellow  b^  aUkalis  and  (dkaline  carbonates^  but 
beooraet  colourless  on  addition  of  siJphuric  acid.  Ferrous  and  euprie  salts  do  not 
ailect  ilizanthin ;  ferric  chloride  colours  it  green.  Neutral  or  basic  acetate  of  lead  pro 
duces  in  the  aqueous  solution  of  ilixantJiin  a  splendid  ydlow  precipitate,  soluble  without 
colour  in  acetic  add. 

Ilizanthin  forms  a  yellow  dye  on  doth  prepared  with  alumina  €ir  iron  mordants. 
Titanifarous  Iron.    See  Titakatis. 


According  to  Hermann  (J.  pr.  Chem.  zzzviii.  91,  119;  xl.  475; 
IxT.  52),  Siberian  jrttiotantalite,  or  yttroilmenite,  contains  a  pecufiar  metal  which  forms 
an  add,  ilmenicaeid,  doeely  resembling niobic  add  ^see  Niobixjii),  but,  neTertheless, 
distingitished  from  it  by  its  lower  specific  gravity,  by  the  insolubility  of  its  hydrate  in 


hydrochloric  add,  and  by  forming  with  sulmiurie  add  a  compound  which  is  decomposed 
by  a  UuTge  quantity  of  water,  leaving  a  residue  of  hydrated  ilmenic  add.  According  to 
H.  Rose,  however  (Pogg.  Ann.  bun.  157 X  the  supposed  ilmenic  add  is  merely  niobic 


add,  more  or  less  impure.    Bose  also  regards  yttro-ilmenite  as  identieal  with  urano- 
tantalile  or  Samarakite  {q,  v.) 

Z&VAITB.    SeeLxayiUTB. 

IBKASa««I&B.  C*^*KO.  (Laurent,  Rev.  sdent  z.  122;  J.  pr.  Chem.  xzvii. 
312.) — ^Produced,  together  with  bensilam  and  benzilimide,  by  the  action  of  ammonia 
•obenale: 

C*H»«0«  +  NH«    -    C»*H"NO  +  H«0. 

Beiudle  is  dissolved  in  warm  absolute  alcohol ;  dry  ammoniacal  gas  is  passed  through 
the  still  warm  solution ;  and  the  lii^uid  is  left  to  cool,  while  the  passage  of  the  gas  is 
continued.  After  24  hours,  the  liquid,  together  with  the  sediment  which  has  formed, 
is  heated  to  the  boiling  point,  and  filtered  at  the  same  temperature.  Imabenzile  then 
remains  on  the  filter,  and  may  be  purified  by  washing  with  ether. 

Imabendle  is  a  white  inodorous  powder,  which  separates  from  its  solution  in  boiling 
ether-alcohol,  in  microscopic  right  rhombic  prisms  with  dihedral  summits,  whose  faces 
Tent  on  the  obtuse  lateral  edges.  It  melts  at  140^,  remains  soft  and  glutinous  on  cooling, 
and  then  solidifies  without  crystallising.  It  is  quite  insoluble  in  boiling  alcohol  and 
ether.  It  is  partially  decomposed  during  fusion.  When  subjected  to  dry  distillation, 
it  neither  gives  ofiT  gas  nor  leaves  any  carbonaceous  reddue.  When  gently  heated 
with  nitric  acid,  it  gives  ofifred  vapours,  and  yields  a  yellow  oil,  which  solidifies  in  the 
crystalline  fbrm  on  cooling,  dissolves  in  alcohol,  and  crystallises  therefrom  in  small 
needles  united  in  tufts,  but  is  insoluble  in  ammonia.  It  is  not  altered  by  boiling  with 
hydrochloric  acid.  It  dissolves  in  gently  heated  sulphuric  acid,  and  the  solution,  mixed 
with  water,  depodts  bemdlam.  It  dissolves  readily  in  boiling  alcoholic  potash  ;  and 
water  added  to  the  solution  throws  down  benzilimide^ while  noming  but  potash  remains 
dissolved. 

XMASATZO  JLG2B.    Syn.  with  Isuao  Acm. 

XMASATZV.  C**H*>N*0*.  (Laurent,  Ann.  Ch.  Fhys.  \d]  iii.  48a.>-A  com- 
pound produced  by  boiling  a  solution  of  isatin  in  ammonia.  It  is  of  a  greyish-yellow 
eolour,  often  inchning  to  brown  or  green,  and  oystallises  sometimes  in  lamellated 
grains,  sometimes  in  radiated  spheres  of  a  daricer  colour.  It  is  insoLubls  in.  water  and 
in  ether,  very  i^Mring^y  soluble  in  boilins  alcohoL  It  is  decomposed  by  dry  distilla- 
tion, yiddinff  a  laige  quantity  of  charooiQ  and  a  sublimate  of  colourless  needles.  It 
is  not  atta^ed  by  boiling  hydrochloric  add.  Caustic  potash  dissolves  it,  and  the 
solution,  diluted  with  water  uid  neutralised  by  an  add,  yieUs  a  whitish,  gelatinous 
pcedpitate. 

Dichlorinuisatin^  C'*H*C1'N*0*,  is  a  powder  of  slightly  leddish  colour,  produced  by 
the  action  of  ammonia  on  an  alcoholic  solution  of  chlorisatin. 

Teirabromimasaiin,  C'H'Br'NK)*.  Beddish-yellow  sealts  produced  by  the  action 
of  ammonia  on  tetrabromisatin. 


LTXA  STOWas*  Stony  concretions  fbund  in  a  marly  formation  on  the 
Schuttgebirg  in  Finland.  They  were  regarded  by  Parrot  (Petersb.  Acad.  Bull.  1839, 
yL  183)  as  petrified  molluscs,  on  the  ground  that  they  contained  caldum  and  sulphur, 
neither  of  which  dements  were  found  by  him  in  the  formation  in  which  they  were 
imbedded.  On  the  other  hand,  Virlet  (Bull.  G^l.  ii.  219 ;  iv.  22 ;  Jahresber.  1847-8, 
p.  1 298)  regarded  them  mereljr  as  calcareo-aluminous  concretions  produced  by  mole- 
cular attraction.    The  concretions  (J),  and  the  formation  (B)  in  which  they  are  found, 
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IMESATIN— INDICAN. 

oalysed  by  Ulez  (Jahresber.  1861,  p.  1086);  the  latter,  also  (B^ 
bid.  1298): 

8  .  .  1£ 
8        5M  8 

1  47-8  8 
PIW.  C»H«NK) 
x>  a  boiling  solut 
Ettin  is  suspendec 
soluble  in  water, 
«dwith  a  smal 
decomposes,  7iel( 
by  potash- 
iHn,  C*H»C1NK), 
It  fopms  yellow 
ible  in  ether.  It 
^en  heated,  it 
tiarcoal. 

U  Monamides,  i 
tide,'S{CO)m; 

'  Keller)  containi 
volatile  oil;  5'6 
Iter;  9*2  starch 
ter  (and  loss).  \ 
A.TOBZV.  Se< 
IKATZOV.     8 

the  action  of  br 
rZTB.  A  Taric 
om  ordinary  anoi 
tains.  Accordii 
ains  42-0  to  431 
20—1-0  FeK)",  I 
VZVXorCHl 
d  from  China. 
>m  camphor,  ces 

W  WMDm  A  mil 
er  has  a  dark  re 
3g  analyses,  A,  c 
,  are  by  How  (J 

HO*         FeK>» 
on      66-69 
.    .         3-91 
npal  portion  (infl 
)  Indian  redii 
)f  sesquiozide  of 

of  magnesium. 
IV.  C«H«NO 
L866,  p.  660;  18 
1  most  probably 
rine,  both  health 
urine,  after  spot 
ndi^o-blue,  some 
basic  acetate  of 
I  of  ammonia,  ai 
first,  indigo-blu 
on  of  indium.  ! 
ftbeoz.  (Car 
ion. — FromwooG 
»hanwt>f)d  with  c 
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INDICAN.  247 

is  prmpHate^  with  alec^lio  sugar-of-lead  and  a  b'ttla  ammoDUMratcr;  aad  tfae  pale 
gr^'D  preci|>iUte,  after  washing  with  cold  alcohol,  is  decomposed  under  water  bv  a 
stream  of  carbonic  anhydride ;  it  then  loeea  its  colour,  and  yields  a  yellow  solution, 
which,  when  freed  from  dissolved  lead  by  snlphydric  acid,  and  evaooiated  over  oil  of 
ritriol,  yields  indican. — 2.  The  tincture  prepared  with  cold  alcohol  is  ooacentrated, 
after  addition  of  a  little  water,  by  passing  a  stream  of  air  orer  it  at  the  common  tem- 
perature; the  ^  which  separates  is  removed  by  filtmtion  ;  the  filtrate  shaken  up  with 
recently  precipitated  cupric  hydrate ;  the  liquid  again  filtered ;  the  filtrate  freed  fmm 
dissolved  copper  by  sulphydnc  acid ;  and  the  li(^uid  separated  from  the  sulphide  of 
copper  is  evaporated  at  the  temperature  of  the  air.  From  the  residual  toown  syrup, 
cold  alcohol  dissolves  out  the  indican,  leaving  undissolved  a  brown  viscid  mass  which 
contains  oxindicanin.  By  mixing  the  alcoholic  solution  with  2  voL  ether,  fturther  pro- 
ducts of  decomposition  are  precipitated,  whilst  the  indican  is  obtained  by  evaporating 
the  filtrate.     When  thus  prepared  it  still  retains  a  little  fat. 

Properties. — Indican  forms  a  yellow  or  yellow-brown  sjrrup,  which  cannot  be  dried 
without  decomposing.  It  has  a  sUghtly  bitter  and  repulsive  taste,  dissolves  in  t&a/er, 
with  ydlow  colour,  also  in  alcohol  and  ether.  The  alcoholic  solution  forms,  with  acetate 
of  lead,  a  sulphnr-yellow  precipitate,  which  increases  on  addition  of  ammonia ;  the 
aqueous  solution  is  precipitated  by  acetate  of  lead  only  after  addition  of  ammonia. 

DrconioosUitmt, — 1.  Indican  decomposes  even  when  gently  warmed,  and  at  a  stronger 
heat  swells  up  and  emits  vapours  which  condense  to  an  oil,  solidifying  partially  in  the 
crystalline  form. 

2.  The  aqueous  solution  is  decomposed  by  heat,  and  by  spontaneous  evaporatiou, 
yielding  the  following  products: 

a,  Oxindicanin,  C^H^NO'*.  This  compound  separates  on  spontaneous  evaporation, 
and  may  be  purified  by  repeated  solution  in  water  and  precipitation  by  alcohol.  It 
is  a  brown  viscid  combustible  gum,  having  a  nauseous  taste ;  by  boiling  with  dilute 
sulphuric  acid,  it  is  resolved  into  indifuscin  and  indiglucin : 

2C»H»N0»«     -     C»*H»NK)»  +  2C«H'*0«  +  4C0*  ■»•  8HK) 
Oxlndicanio.  iDdifiuciD.  Iniltglticiii. 

b,  OxmcUcoMtn, — Produced  when  an  aqueous  solution  of  indican  is  evaporated  by 
best,  the  indican,  according  to  Schunck,  being  first  converted,  with  separation  of  indi- 
glucin, into  indicanin,  the  latter,  with  absorption  of  oi^ffen,  into  ozindicanin,  and  this 
lust  being  resolved,  with  assumption  of  water,  into  oxindicasin  and  indi^ncin : 

2C»H"N0»«  +   8HH>     -     C»H"N  0*»  +   2OH'«0« 

Oxiodicanln.  Oxindicasin.  Iiidiflucin. 

It  is  purified  like  the  preceding,  which  it  resembles.  Its  aqueous  solution,  pred- 
pituted  with  excess  of  neutral  acetate  of  lead,  yields  a  yellow  lead-salt  containing 
C»B"N».4IV0. 

e,  Intlicasin. — Hie  liquid  filtered  firom  the  lead-salt  of  oxindicasin,  and  containing 
excess  of  lead-acetate,  yields,  when  treated  with  a  large  quantity  of  alcohol,  a  pale 
yellow  precipitate  -  C«H*»N*0".«Pb«0. 

3.  In  contact  with  9oda4ey  or  baryta-water,  indican  is  resolved  into  indicanin  and 
indiglucin: 

C»H"NO"  +  H»0     -     C»fl«NO»»  +  CfS}K^ 
Indicao.  Indicanin.  Indiglucin. 

A  sdution  of  indican,  left  for  several  days  in  contact  with  soda-le^,  yields^  with  acids» 
indimbin  produced  from  the  indicanin;  after  longer  standing,  indiretin  is  likewise 
obtained,  and  in  some  cases  the  latter  is  the  only  product 

4.  Indican  is  decomposed  by  dilute  adds  in  the  cold,  and  more  quickly  when  heated. 
The  decomposition  is  induced  by  tartaric  and  oxalic  acids,  as  well  as  b^  mineral  acids, 
lesB  eaoly  by  acetic  acid.  Aqueous  indican  mixed  with  dQnte  sulphnnc  acid,  becomes 
turbid  on  standing  and  deposits  blue  flocks,  the  formation  of  which  ceases  aAer  24  hours. 
The  filtrate,  after  standing  for  some  time,  and  still  more  when  heated,,  depoflits  a  brown 
powder,  while  leucine  and  indiglucin  remain  in  solution,  together  with  certain  volatile 
products,  viz.  carbonic,  formic^  acetic,  and  perhaps  propioihe  acid,  which  escape  when 
the  liquid  is  heated. 

The  substance  insoluble  in  water  is  a  mixture  of  six  different  bodies.  On  exhausting 
it,  first  with  cold,  then  with  warm  dilute  soda-ley,  indihumin,  indi/uscin,  and  indiretin 
aro  dissolved ;  the  residue  yields  to  alcohol,  a-  or  fi-indtfuhin  and  indirubin,  together 
with  residues  of  indifiiscin,  while  %ndig(hblue  remains  in  solution.  Instead  of  indirascin, 
imfi/usctme  is  sometimes  obtained.    Schunck  gives  the  following  formulae : — 

u.  Formation  of  indigo-blue  or  its  isomer,  indirubin,  and  of  indiglucin : 

C«^»»NO"  +  2HK)     -     C»H»NO  -i-   3C«H'Hy 
ludicsn.  ludigo-blut.        ludliludu. 
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»hit  of  the  indigo-Uw 
nhydride: 

Xndlgo-UiM 
b.  Formation  of  o-ind 

e.  Formation  of /3-iD^ 
40*H"N0"  +  7H 


d.  FonnBtion  of  indil 
C«H"NO»'  +   2 


e.  Fonnation  of  indif 

2C«H»»N0w  +  81 
Indican. 
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deposit  is  formed,  oonsifltiiig  of  indirnbin.  This  is  washed  with  water  aod  dissolved 
in  alcohol  The  portion  insolable  in  the  alkaline  solution  is  a  miztore  of  indirobin 
and  indiftilTin. 

Indifulvin  is  obtained  of  Tarioos  composition,  a  or  /9,  according  to  drcnmstances 
not  weU  understood.  It  is  a  brittle,  friable,  reddish-yellow  resin,  which,  when  heated, 
melta,  boras  with  flame,  and  leayes  charooaL  Heated  in  a  ^^ass  tube,  it  gires  off  a 
strong-smelling  vapour,  condensing  to  a  brown  oil,  which  sohdifies  in  the  cxystalline 
form.  Dissolves  m  strong  sulphuric  acid^  with  green-brown  colour,  and  chars  when 
heated.  Bjr  ordinary  nUnc  acU^  it  is  scarcely  attacked,  even  at  the  boiling  heat ;  but 
it  dissolves  in  ftxming  nitric  acid,  and  is  precipitated  by  water  in  orange-yellow  flocks. 
By  heating  and  evaporating  the  liquid,  a  yellow  resin  is  obtained,  together  with  crystals 
soluble  in  water,  and  diflferent  from  ozalic  add.  It  is  slowly  decomposed  by  chromie 
aetd.  It  does  not  dissolve  in  aqueous  aUaUM,  even  at  the  b<Mling  heat,  or  on  addition 
of  grape-sugar,  or  dichloride  of  tin. 

nnirVMnV,  C*«H**N*0*,  and  MMUirvUCOmMt  C**H"NH)*?— These  com- 
pounds  are  produced  in  gr^itest  quantitjr  by  the  action  of  dilute  sulphuric  acid  on 
indican  whicn  has  been  previously  exposed  to  the  air.  A  brown  powder  is  then  formed, 
containing  from  59*4  to  67*6  per  cent  C,  6*78  to  7*12  K,  and  29*12  to  20*23  0,  so  that 
it  appears  to  agree,  sometimes  with  one,  sometimes  with  the  other  of  the  formuls  just 
given.  When  hei^ted,  it  emits  vapours,  with  an  odour  of  burning  tui^  and  yields  an 
oily  distillate.  It  bums  without  fusion ;  colours  chromic  acid  green ;  with  boiling 
nitric  add,  it  yields  ozalic  and  picric  acids ;  dissolves  in  strong  sulphuric  add,  with 
brown  colour,  giving  off  sulphurous  anhydride  when  heated.  It  is  insoluble  in  boiling 
water ;  dissolves  eaoly  in  alcoholic  ammonia,  whence  it  is  predpitated  in  brown  flocks 
by  adds ;  also  In  aqueous  alkalis  and  alkaline  carbonates,  and  is  predpitated  therefrom 
by  metallic  salts;  sparingly  soluble  in  boiling  alcohoL 

IMBZa&VOZV.  CWO*,  (Schunck,  Pha  Mag.  [4]  z.  78 ;  zv.  188 ;  Jahresber. 
186d,  669 ;  1868,  465 ;  Gm.  zv.  302.)— Produced,  together  with  the  products  above 
mentioned,  by  heating  indican,  indicanin,  ozindiicanin,  or  ozindicasin,  with  water, 
acids,  or  alkaUs  (pp.  247,  248). 

Preparation, — Tincture  of  woad-leaves,  prepared  with  cold  alcohol,  is  evaporated  in 
a  current  of  air ;  the  reddue  is  mixed  with  cold,  veiy  dilute  sulphuric  add,  and  the 
Ikt  which  falls  to  the  bottom  is  immediatdy  separated  by  filtration.  The  filtrate 
serves  instead  of  the  addulated  aqueous  solution  of  indican.  The  decoraposition, 
which  begins  in  the  cold,  is  kept  up  by  gentle  heating,  whereupon  the  solution 
becomes  turbid,  and  a  mizture  of  siz  insoluble  substances  separates  (p.  247);  the 
liquid  is  then  filtered,  the  reddue  washed  with  cold  water,  and  decomposed  in  the 
manner  described  under  indican.  The  filtrate^  freed  fix>m  sulphuric  add  by  carbonate 
of  lead,  and  fhym  lead  by  sulphuric  add,  evaporated  to  a  syrup  in  a  stream  of  air, 
dissolved  in  alcohol,  and  mized  with  a  large  quantity  of  ether,  depodts  leucine  in 
crystals,  and  indigludn  as  a  syrup.  The  Utter,  after  the  removal  of  the  crystals,  is 
dissolved  in  water;  the  solution  is  mized  with  acetate  of  lead;  the  scanty  predpitate 
is  removed;  and  the  yellow  lead-compound  of  indigludn  is  predpitated  from  the  filtrate 
by  aqueous  ammonia.  The  lead-salt  decomposed  by  sulphydric  add  under  water,  and 
treated  with  animal  charcoal  till  a  sample  gives  a  white  predpitate  with  ammoniacal 
sngar-of-lead,  vidds  a  solution  from  which,  b^  evaporation,  solution  of  the  reddue  in 
alcohol,  and  addition  of  ether,  the  indigludn  is  predpitated  in  the  form  of  a  syrup. — 
2.  In  the  preparation  of  indicanin  from  indican,  by  mizing  the  latter  with  baryta-water 
and  leaving  it  at  leet,  then  removing  the  baryta,  evaporating  the  filtrate  in  a  current 
of  air,  dissolving  the  reddue  in  alcohol,  and  predpitating  by  ether,  indigludn  is  sepa- 
rated as  a  syrup.  This  syrup  is  dissolved  in  alcohol,  mixed  with  excess  of  alcoholic 
sngar-oMead,  the  brown  predpitate  removed,  and  the  solution  predpitated  with  am- 
monia.    The  lead-compound  of  indigludn  is  purified  and  decomposed  as  in  meliiod  1. 

Indi^udn  is  a  colourless  or  li^ht  yellow  syrup  having  a  sliffhUy  sweet  taste,  soluble 
in  water  and  in  alcohol,  but  precipitated  from  the  alcoholic  solution  bv  ethtr. 

It  swells  up  when  heated,  and  gives  off  an  odour  of  carameL  With  boiling  nitric 
acid,  it  forms  oxalic  add.  With  strong  sulphuric  acid,  it  becomes  carbonised.  When 
boiled  with  soda-iey,  it  turns  yellow,  and  separates  brown  fiocks.  From  an  alkaline 
euprie  solution  it  reduces  cuprous  oxide;  from  an  aqueous  and  still  more  from  an 
ammoniacal  solution  of  nitrate  of  silver,  it  reduces  metallic  silver;  similarly  with 
trichloride  of  gold.    It  is  not  fermentable,  but  turns  add  by  prolonged  contact  with 

Aqueous  indigludn  dissolves  hydrate  of  calcium,  and  the  solution  on  boiling  de- 
posiu  copious  ydlow  flakes,  which  dissolve  on  cooling,  and  are  predpitated  by  alcohoL 

From  a  mixture  of  indigludn  with  baryta-water  alcohol  throws  down  yellow  flakes. 

Aqueous  indigludn  is  precipitated  by  neutral  or  basic  acetate  of  lead,  only  after  addi- 
tion of  ammonia;  the  predpitate  has  the  composition  C*'H'*Pb''0".3rb''0. 
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O^H^NO  or  C^*NO*.— i»«e  Indigo.  IndigoUn,  Otidimd 
Indigo  (Gm.  ziil  36 ;  Gerh.  iu.  514). — ^This  important  colouring  matter  was  known  in 
India  and  in  Egypt  before  the  Chriatian  era,  and  is  mentioned  bj  Diosoorides  aoid 
Pliny  under  the  names  lv^6v  and  indicum.  Et^yptian  mummies  hare  be«n  foaod 
wrapped  in  blue  cloths,  the  colour  of  which  exhibited  all  the  characters  of  indwo. 
The  Bomans  used  it  only  as  a  pigment,  not  being  acquainted  with  the  method  of  £m- 
solving  it.  Its  introduction  into  Europe  as  a  dye  is  generally  attributed  to  the  Jevik, 
who  daring  the  middle  ages  practised  the  art  of  dying  with  indigo  in  the  LersnL  It 
was  first  imported  in  la^  Quantities  into  the  European  markets  from  India  in  the 
seventeenth  century  by  the  Dutch; 

Indigo  is  chiefly  obtained  from  rarious  species  of  Indigo/era^  namely,  Z  Undorim^ 
I,  Ami,  I.  disperma  and  /.  pseudotinctoria,  cultivated  espeNually  in  the  £ast  and  West 
Indies ;  also  from  Nerium  tinctorium  and  Calanthe  veratrtfolia,  natives  of  Hindostan ; 
AscUpias  Hnctoria  and  Afarsdenia  tinctoria  of  Sumatra,  Polygonum  tinctorium^  I»atit 
indigoticOf  Justicia  tinctoria  and  Bleiia  TankerviUuB  of  Ohina,  and  Amorpha  /rutiro^ 
of  (Ikrolina.  The  only  European  plant  which  yields  true  indigo-blue  is  woad  {/satia 
tinctoria\  which  was  extensively  used  for  blue-dyeing  before  the  introduction  o# 
indigo ;  out  it  is  much  less  rich  in  indigo  than  the  tropical  plants  above  mentioned, 
and  id  now  used  only  as  an  addition  to  the  indigo-vat  (p.  252).  The  foUowiog 
European  plants  also  yield  blue  colouring  matters  more  or  less  resembling  indigo,  but 
apparently  not  identical  with  it:  AgtraaalusglgcyphyUus,  Centaurea  Cganus,  CkeUdanium 
majuSf  Cicer  arietinum,  Colutea  arborescens,  Coronilla  Emerus^  Galega  officinaiis, 
Hedyaarum  OnobryckiSf  Inula  Hdenium,  Iris  germanica,  Lotus  comicidatus,  Medicagw 
sativa,  Mercurialis  perennis.  Polygonum  avicuiarej  Polygonum  Fagopyrum,  Khtnantkus 
Crista-aidlif  Sambueus  nigra,  Sambucus  Ebulus,  Scabiosa  suceisa  and  Faooimum 
MyrtiUus, 

Indigo-blue  is  sometimes  deposited  from  human  urine  both  healthy  and  diseas^ 
being  produced  by  spontaneous  fermentation  frvm  indican  (p.  246).  It  has  al«o 
been  occasionally  observed  to  form  in  the  milk  of  cows,  especially  such  as  have  been  fed 
exclusively  on  sainfoin. 

With  regard  to  the  state  in  which  indigo  exists  in  the  plants  from  which  it  is 
obtained,  and  the  nature  of  the  process  by  which  it  is  converted  into  indigo-bloe. 
various  opinions  have  been  entertained  Roxburgh  (Transactions  of  the  Socitty  <>/ 
Arts^  vol.  xxviii.)  supposed  that  indi^  plants  contain  only  the  base  of  the  oolonrins 
matter,  which  of  itself  is  green ;  that  it  is  kept  in  solution  bv  the  carbonic  acid  evolved 
in  the  preparation  of  ind!^,  set  free  by  the  addition  of  alxalis,  and  absorbs  from  the 
air  a  substance  which  converts  it  into  indigo-blue.  Giobert  (TVoi/^  sur  U  p4uUl^ 
Paris  1813)  supposed  that  indigo-plants  contain  colourless  indigogen,  which  is 
soluble  in  water  and  contains  more  carbon  than  indigo-blue,  into  which  it  is  convf^^d 
with  formation  of  carbonic  add,  by  absorbing  oxygen  from  the  air.  This  oxidation  is 
promoted  by  heat  or  by  the  presence  of  alkalis,  especially  by  lime ;  it  is  arrested  by 
acids,  even  by  carbonic  acid-    (Giobert) 

According  to  Cheyreul  (Ann.  Chim.  IxvL  8 ;  IxviiL  284),  woad  and  other  indif^ 
plants  contain  indigo-white,  C*H*NO,  which  contains  1  at.H  more  than  indigo-blue, 
and  being  held  in  solution  by  the  sap,  is  converted  into  indigo-blue  by  oxidation,  on 
exposure  to  the  air: 

2C»H«N0  +   0     -     2C»H»N0  +  H*0, 

This  explanation,  being  the  simplest,  was  veiy  generally  adopted,  until  Scbnnck 
(PhiL  Mag.  [4]  xv.  29)  pointed  out  that  white  indigo  cannot  exist  in  any  plant, 
since  it  requires  free  alkau  for  its  solution,  whereas  the  sap  of  pluits  is  always  acid, 
and  moreover  contains  free  oxy^n.  Schunck  has  further  shown  that  woad  contains 
indican,  (p.  246),  which  is  readily  soluble  in  water,  and  when  boiled  with  acids  splits 
up  into  indigo-blue  and  indiglucin,  without  the  intervention  of  oxygen : 

C»H«iNO"  +  2H«0     -     C»H*NO  +   8C«H"0«. 
ladlcan.  ladlgu-blue.        Indiglucio. 

The  same  substance  probably  exists  in  other  indigoferse,  and  in  other  plants  from 
which  indigo  is  obtained,  and  during  the  steeping  process,  presently  to  be  described,  is 
resolved,  in  consequence  of  the  fermentation  wmdi  takes  place,  into  indigo-blue  and 
indiglucin. 

Preparation  of  Commercial  Indigo.-- 1.  From  fresh  leaves. — In  Bengal,  the  plants 
which  are  cut  dose  to  the  ground  whilst  the  blossom  is  unfolding,  are  placed  in  a  brick 
cistern  {steeping  vat,  GahrunaskUpe,  tretnpoire,  pourriture\  which  is  filled  several  inches 
deep  with  cold  water,  and  allowed  to  ferment  At  30°  C.  (86  F.)  the  fermentation  b 
finished  in  from  12  to  15  hours ;  at  lower  temperatures  it  requires  a  longer  time.  The 
gas  evolved  is  a  mixture  of  carbonic  anhydride  and  auuo£<pheric  uir  fr^jm  which  the 
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oxygan  bu  been  alworbed.  When  the  liquid  no  longer  riset,  it  is  drawn  off  into  the 
beating  vat  (SckioffekUpe,  batterie)  which  stands  lower,  where  it  is  kept  stirring  for  an 
bonr  and  a  half  or  two  hoxun,  whereupon  carfoonio  anhydride  is  evolved  and  the  indigo 
at  fint  separates  in  large  flakes.  When,  after  being  repeatedly  stirred,  it  forms  grains 
like  fine  sand,  and  the  solution  is  dear,  the  indigo  is  allowed  to  settle.  After  two  or 
thrve  honrs,  Uie  liquid  is  drawn  off  firom  the  deposit.  If  the  fermentation  is  properly 
condncted,  the  indigo  settles  readily  down,  the  liquid  is  of  a  mala^brown  colour,  and 
Ibnna  a  thick  foam  which  rapidly  disappears.  The  deposit  is  boiled  ita  three  or  four 
hours  in  a  copper  vessel  and  then  thrown  upon  a  linen  filter;  it  is  afterwards  pressed, 
cut  into  squares,  and  dried  by  heat  1000  pts.  of  the  solution  ai  the  leaves  yield  from 
0*6  to  0*7  pts.  of  indigo ;  more  is  precipitated  on  the  addition  of  potash-ley  or  lime- 
WMter,  but  it  is  not  so  pure. 

Ke«pecting  the  manufacture  of  indigo  in  the  Oaueasus,  see  DingL  pol,  J*.  126,  804. 
2.  F)rom  dry  Uatfes, — In  the  southern  parts  of  India,  the  leaves  of  the  indigo 
plant  are  dried,  and  packed  up  for  a  month,  more  or  less,  at  the  expiration  of  which 
timo  they  assume  a  light  lead  colour ;  by  additional  keeping  the  lead*oolour  gradually 
darkens  till  it  becomes  black.  Experience  has  proved  that  the  leaves  will  not  give 
out  any  colouring  matter  to  cold  water  till  the  first  change  has  commenced,  when  the 
maximum  quanti^  of  indigo  seems  to  be  developed ;  and  that  from  this  period  it  di- 
minishes. If  from  fear  of  rain  the  plant  be  cut  too  soon,  the  leaves  should  be  kept 
pn^rtionally  longer;  but  i^  from  want  of  sufficient  ^unshine,  the  cutting  be  deferred 
till  aitar  the  plant  is  frdly  ripe,  the  leaves  will  not  require  to  be  kept  so  long. 

llieaa  leaves,  after  due  keeping,  are  transferred  to  the  steeping-vat,  where  they  are 
infused  in  water,  in  the  proportion  of  about  one  volume  of  leaves  to  six  of  water,  and 
allowed  to  digest  for  two  hours,  with  occasional  stirring.  The  water  is  then  run  off 
through  strainers  into  the  beating-vat,  where  it  is  agitated  by  the  paddles  of  ten  or 
tw<dve  natives  for  about  two  hours,  during  which  time  the  fine  green  liquor  gradually 
darkens  to  a  blackish  hue.  Lime>water  is  now  thrown  into  the  vat,  and  w^  mixed 
with  the  liquor.  The  supernatant  Madeira-coloured  liquid  is  run  off  after  repose,  and 
the  subsided  blue  indigo  is  drained  on  doth.  Next  morning  it  is  mixed  with  water  in 
a  copper  and  boiled ;  after  which  the  whole  is  thrown  on  strainers,  and  the  indigo 
collected  is  dried  and  formed  into  cakes.    (Weston,  Journal  of  Scienee^  xxvii.  296.) 

Indigo  is  obtained  in  the  same  way  in  the  south  of  France  from  a  hot  extract  otJNerium 
tindorimm  and  Folyiffonum  UneUmwn  (J.  Pharm.  xxvi.  276 ;  J.  pr.  Chem.  xvi.  180). 
Indigo  was  formerly  prepared  from  woad  in  a  similar  manner,  by  employing  tepid 
water  and  preripitating  with  lime-water ;  a  deeper  colour  was  imparted  to  the  product 
by  extracting  the  carbonate  of  caldum  with  hydrochloric  add.  The  preparation  of 
indigo  from  Bolygonum  tinctorium  is  rendered  difficult  by  a  resin  which  the  plant 
contains.  This  resin  is  separated  by  mixing  the  bruised  leaves  with  one-tenth  of 
their  w^ght  of  protosulj^te  of  iron,  and  adding  a  suffident  quantity  of  water,  together 
with  an  excess  of  carbonate  of  ^taasium ;  the  whole  is  then  thrown  upon  a  filter,  and  the 
aofaitaon  mixed  with  sufBdent  nitric  add  to  render  it  slightly  add.  On  neutralising  with 
carbonate  of  potassium,  it  becomes  blue  and  deposits  all  the  indigo-blue  within 
24  hoios ;  the  indigo  has  then  the  same  properties  as  that  obtained  from  Indigofera, 
(Oaudry,  N.  J.  Pharm.  v.  133.^ 

Airi/SM^um.— Commercial  indip;o  contains  from  60  to  60  per  cent  of  pure  mdigo- 
bloa,  the  remainder  consisting  of  mdigo-gluten,  indigo-red,  indigo-brown,  and  a  number 
of  brown  resinoos  products,  &&,  formed  dther  by  decomposition  of  the  indiso-blue 
pcodnoed  in  the  fint  instance,  or  directly  from  tne  indican  itself  (p.  246).  Certain 
substances  are  also  occasionally  added  to  indigo  for  the  purpose  of  adulteration. 

Indigo  may  be  porified  from  most  of  these  foreign  matters  by  treating  *t  successively 
with  ^nte  sulphuric  or  hydrochloric  add,  with  boiling  water,  and  with  alcohcuL 
This  treatment  nowever  does  not  yield  a  chemically  pure  product,  and  it  is  better  to 
resort  to  the  process  of  the  vat,  which  consists  in  converting  the  indigo-blue  into 
indigo-white  by  the  action  of  redudng  agents,  and  subsequently  reoxidisiug  it.  This 
process  is  also  one  of  great  industrial  importanos,  being  that  which  is  used  by  dyers 
fat  rendering  indigo  soluble  and  fixing  it  upon  tissues. 

a.  Cold  VatM,"  1.  Copperas  or  common  blue  vat,  (Cuve  h  la  ampiroeef  Vitriol^ 
kmpe,)  In  this,  which  is  the  kind  of  cold  vat  generally  used  for  dyeing  cotton,  hemp, 
and  &IX,  the  indi^blue  is  reduced  by  the  action  of  protosulphate  of  iron.  1  pt.  of 
fine^  ground  indigo  is  mixed  with  hot  water,  in  which  4  pts.  of  quick-lime  are  slaked ; 
to  this  is  added  a  solution  of  3  pts.  of  sulphate  of  iron  free  from  copper,  the  whole 
bdnff  stirred.  (If  the  sulphate  of  iron  is  yellowish,  one-third  more  is  taken.)  Water 
is  ackkHl,  to  the  amount  of  100  or  200  times  the  weight  of  the  sulphate  of  iron,  accord- 
ing as  the  dye  is  required  dark  or  light>  and  the  whole,  after  being  stirred,  is  left  at  rest 
The  pmportjons  quoted  are  those  most  commonly  used  in  dyeing ;  when  the  indigo  is 
particularly  pure,  more  lime  and  sulphate  of  iron  must  be  taken.    An  excess  of  lime 


Digitized  by 


Google 


2  INDK 

dda  a  sharp  vat  (aehar/e  Kmpe)^  trc 
uiily  take  up  the  dye  ;  too  little  lime 
e  80  welL  On  the  addition  of  carboz 
th  potash  is  formed.  A  sediment  ii 
rered  with  a  copper-coloured  film  { 
iiment^  and  deposits  tolerably  pure  ii 
(ests  commercial  indigo  with  Ume,  s 
the  decanted  solution  of  the  oompouj 
)  carbonate  of  calcium  from  the  bh 
ligo-red  with  water,  afterwards  washes 
indigo  (purified  according  to  1)  with 
[phate  of  iron,  and  460  pts.  of  boiling 
)eatedl7 ;  allows  the  whole  to  subside, 
»hon ;  again  adds  hot  water,  and  dra^ 
Lole  of  the  solution  with  hydrochloric 
s  indigo  is  completely  oxidised ;  it  is  t 
Erdmann  mixes  together  1  pt  ind 
pts.  water ;  draws  off  the  clear  solut 
£xx!hloric  acid ;  and  washes  the  precip 
«h  quantities  of  indigo-blue  when  a^ 
cessaiy.  The  indigo-blue  thus  obtai 
It,  and  indigo-red,  which  it  is  difficul 
reduce  the  indigo  again  in  the  cold  tj 
cording  to  Dun^  a  little  sulphide  of 
mixed  with  the  indigo  when  it  is  prec 
bh  sulphide  of  carbon. 
2.  In  the  so-called  orpiment-vatt  a  so 
tash  is  formed  in  a  mixture  of  indiso 
ter,  by  the  oxidation  of  the  resulti 
posits  indigo-blue  when  exposed  to  t 
ico-printing,  not  for  dyeing  properly  i 
8.  In  the  ttn-vat,  commonly  used  f< 
ution  of  stannous  oxide  in  caustic  pot 
acid  solution  of  tin,  so  as  to  neutnJL 
)  precipitate  is  then  used  for  printing. 
h.  Warm  vats.— 1.  Wood-vat.  (Pi 
ely  powdered  indigo  with  from  30  to 
)ts.  potash,  and  ^  pt.  lime,  and  warm 
80®  C.  (1760  F.J  a  fermentation  is  m 
Kent  hydrogen  forms  indigo-white, 
leously  formed.  The  browniE^h-yellov 
,  and  then  deposits  indifio-blue;  it  ma^ 
led  it  be  kept  warm,  and  madder,  bnu 
luired.  Beetroot-molasses  and  malt  n 
The  use  of  madder,  bran,  &c.  in  tbis  i 
lylaceous  substances  and  the  pectic  ac 
>bably  transformed,  first  into  lactic,  ti 
drogen  is  eTolved,  which  reduces  the  i 
ne  time  undergoes  putre&ction,  and 
lite  in  solution.  The  lime  seems  to 
)duced  by  the  decomposition  of  the  an 

2.  In  the  potash  or  Indian  vat,  in  whi 
)  added  to  a  mixture  of  2  pts.  ma< 
00  pts.  water  at  60°  C.  (140«^  F.) ;  afl 
ire  the  same  quantity  of  potashes,  are 
in  the  woad  Tat. 

3.  The  urine-vat  is  employed  only  ii 
Verviers,  for  the  dyeing  of  wool  The  ] 
\?ntB  to  convert  the  blue  into  white  i 

3  latter.  [For  further  details  respect 
eing,  see  tire's  Dictionary  of  Arts,  ^c 
To  obtain  indigo-blue  in  the  cryetalli] 
^r  are  introduced  into  a  flask  capabU 
9  strongest  soda- ley  are  added.  The 
ed  with  hot  alcohol ;  it  is  then  tightly 
til  the  solution  is  sufficiently  clear  1 
■k.    The  flask  is  allowed  to  stand  loo 
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jeUowiih-nd  oolonr,  now  ^iraduiilly  tarna  blae,  whilst  indigo  ■MMntes  oot  The 
■plution  is  tUtered  and  the  indigo  is  washed,  first  with  alcohol  ana  then  with  water, 
till  the  filtrate  is  ooloorlees.  In  this  manner,  2  os.  (50  per  cent)  of  pore  indigo-blae 
is  obtained.  If  the  brown  aloohoUe  solution  is  poured  iMck  hot  into  the  first  flask, 
it  jiMM  8  per  cent  more  indigo;  but  it  is  then  nearly  exhausted  (Fritzsche, 
Blare  hand). — Indiso  also  forms  a  yat  immediately  with  grape-sugar,  caustic  soda, 
and  hot  water;  the  decanted  solution,  when  exposed  to  the  air,  deposits  indigo-blue 
oftntaining  a  quantity  of  indigo-ied,  which  may  be  extracted  by  an  alcoholic  solution  of 
■oda.     (Frits  sche.) 

Pm^fieation  ofinaiao  by  tiMimation, — ^When  powdered  commercial  indigo  is  heated 
on  a  watch-glass,  a  silver  dish,  or  a  spoon,  a  network  of  crystals  is  formed,  which  may 
be  removed  with  a  pair  of  forceps,  and  the  crystals  carefmly  separated  from  adhering 
particles  of  carbon,  under  a  magnifying  glass  (Le  Royer  and  Dumas  ;  Dumas).—* 
Orum  heats  indigo  between  two  nlat.inum  crucible  lids,  which  are  separated  firom  one 
another  b^  a  distance  not  greater  tnan  {  inch,  till  the  hissing  sound  cease8.->Berzeli  us 
•ablimes  indigo  in  an  ex^usted  retort,  of  the  size  of  a  chicken's  egg,  cuts  off  the  upper 
part  of  the  retort  when  the  crystals  have  sublimed,  and  separates  the  lower  crysUls 
from  the  adhering  particles  of  carbon.  The  crystals  are  frcHed  by  ether  from  traces  of 
oil  and  resin. — ^Taylor  stirs  up  an  intimate  mixture  of  2  pts.  finely  powdered  indigo 
suid  1  pt^  gypsum  with  water  into  a  thin  paste,  which  he  spreads  upon  sheet  iron  in  layers 
2  inches  broad  and  \  inch  deep.  These  are  dried  by  exoosure  to  the  air,  then  heated 
at  one  end  with  a  spirit-lamp  till  red  vapours  are  evolved,  and  so  the  operation  is  con- 
tinued. If  the  mass  catches  fire,  it  is  extinguished  by  a  drop  or  two  of  water.  The 
velvety  indigo  can  easily  be  separated,  and  may  be  jpurifieid  by  alcohol  and  ether. 
(Med.  Gaa.  1843,  130.) 

Prfvar€tt%on  of  Indigo-blue  from  Indiean, — ^The  aqueous  solution  of  indican  from 
woad-laaves,  which  must  not  be  too  dilute,  is  boiled  with  sulphuric  add  or  hydro- 
chloric acid ;  and  the  abundant  purple-blue  precipitate  is  filtered  off  and  washed,  first 
with  water  and  then  with  boiling  alcohol,  till  the  filtrate  Lb  of  a  pure  blue  colour :  the 
residue  con«ists  of  pure  indiso-blue.  Nitric,  oxalic,  tartaric,  and  acetic  adds  are  also 
capable  of  converting  indican  mto  indigo-blue :  acetic  add,  however,  acts  less  powerfully 
than  the  rest    (Scnunck.) 

Properties. — Indigo-blue  sublimes  in  right  rhombic  prisms  (Miller);  in  six-sided 
prisms  derived  from  a  rhombic  prism  of  32^  and  148^,  and  bavins  their  bases  replaced 
oy  two  fiioes  which  seem  to  form  an  obtuse  angle  with  one  another  (Lauren  t).  Its 
lustre  is  semi-metallic,  and  by  reflected  light,  dark-red  inclining  to  copper-red  (accord- 
ing to  Crum,  it  is  red  when  viewed  obliquely  under  the  microscope ;  and  of  a  brilliant 
blue  when  viewed  perpendicularly).  When  prepared  in  the  wet  way,  it  is  dark  blue, 
and  acquires  by  pressure  a  dark  copper  colour  and  almost  metallic  lustre.  It  is 
inodorous  and  tasteless,  and  does  not  react  upon  vegetable  colours. — In  open  vessels, 
it  voUtilises  at  about  288^  in  dark  purple-red  vapours ;  in  dosed  vessels,  it  decomposes 
partially  when  heated  (Crum).  It  voUtilises  without  decomposition  only  in  a  current 
of  air  or  in  vacuo ;  the  powder  dropped  on  a  piece  of  heated  platinum  foil,  volatilises  in 
purple  T^wurs  without  leaving  a  reddue,  each  particle  being  supported  by  the  vapour 
without  comins  in  contact  with  the  foil  (Dumas).  It  is  quite  insoluble  in  toater, 
dilute  (leids,  and  alkalis,  ether,  and  volatile  oils  ;  also  in  alcohol  and  Jixed  oils  at  common 
temperatures;  but  hot  alcohol,  and  flxed  oils  heated  above  100^,  dissolve  small 
quantities,  and  depodt  it  again  on  ooolinff.  Sublimed  indigo  dissolves  pretty  readily 
in  hot  phenic  and,  forming  a  blue  liqmd  when  mixed  with  a  little  alcohol,  but 
predpiti^ed  by  a  larger  quantity.  Sublimed  indigo  also  dissolves  to  a  small  extent  in 
iMt  vU  of  turpentine. 

Indi^blue  is  isomeric  with  cyanide  of  benzoyl 

Decompositions. — 1.  Indigo-blue  melts  and  boils  when  heated  in  contact  with  the 
air:  at  higher  temperatures  it  bums  with  a  bright  and  very  smoky  flsme,  leaving  a 
reaidae  of  difficultly  combustible  charcoal  (Berzelius).  By  exposure  to  air  contaimng 
ozons  it  is  quickly  converted  into  isatin.    (Erdmann,  J.  pr.  Cnem.  Ixxl  209.) 

2.  By  dry  distillation,  it  yields  a  very  little  undecompoMd  sublimate,  together  with 
carbonate  and  cyanide  of  ammonium,  phenylamime,  empvreumatic  oil,  and  a  large 
residue  of  shining  charcoal  (Cm  m).  On  heating  indi^-blue  in  vacuo,  a  brown  oil  is 
formed,  together  with  a  lai^e  proportion  of  subumed  indigo,  but  no  permament  sas 
or  aqueous  liquid;  by  rapid  heatinff,  more  sublimate  is  obtained,  and  a  fused  shinii^ 
diareoal;  on  oeatinff  more  graduaBy,  less  sublimate  is  formed,  together  with  a  dufi 
earthy  charcoaL    (Berzelius.) 

3.  Diy  ehhrine  does  not  act  upon  indigo-blue  between  0^  and  100^.  If  indigo-blua 
is  stirred  up  with  water  into  a  thin  paste,  and  chlorine  passed  through  wmle  the 
whole  is  kept  cool  the  mass  becomes  flrst  grevish-green  and  then  yellow.  Neither 
carbonic  anhydride  ncr  any  other  gas  is  evolved.     An  orange-coloured  depodt  is 
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Aedording  to  FriteBefae,  a  jellowish-red  solution  is  fiTst  formed  on  which  a  daric 
oolonred  vabatance  iloata,  and  firom  which  yellow  cxTstala  of  chrysanilate  potassium 
are  separated  hj  eontmued  boiling ;  on  oooung,  it  solidifies  into  a  crystalline  mass, 
ooxislflitinff  principally  of  chrysanilate  of  potassinm.  The  crystalline  mass,  when  water 
is  poured  orer  it^  immediately  yields  indigo-blue  (in  the  same  state  as  from  the 
iwugo-Tat) ;  the  filtered  solution  also  continues  to  deposit  indigo-blue  when  exposed  to 
the  air.  According  to  Gerhardt,  Fritssche's  chiysanilic  acid  is  nothing  but  a  mixture  of 
isatin,  indigo-wiute^  and  perhaps  also  other  products  resulting  from  the  further 
action  of  the  potash.    The  indigo-blue  is  formed  by  oxidation  of  the  indigo>white. 

Indigo-blue  ftised  with  hydrate  of  potassium  yields  first  isatic  acid,  as  above,  then 
pheoylcarbamic  add  resulting  from  the  decomposition  of  the  latter.    (Gerhardt.) 

CWtfO*  +  HK)     -     CH^O*  +  C0«  +  H», 
iMtIc  acid.  Phenyl<c«r- 

bimie  add. 
and    by    farther    decomposition,    salicylic    acid    (C  ah  ours)     and    phenylamine 
(Fritasche): 

(TH^NO*  +  H«0     -     C»HW  •¥  NH« 
Pbeojl-car-  Sullcrllc 

btmie  acid.  acid. 

CTH'NO*    -    OH^  +  C0« 

Pbeovl-car-  Phenjl- 

bamlc  acid.  amine. 

13.  Indigo-blue  placed  in  contact  with  water,  an  alkaU^  and  a  deoxidising  tubstance, 
becomes  at  first  coloured  green,  and  is  then  eonverted  into  indigo-white,  which  forms 
a  yellow  solution  with  alkalis.  In  this  reaction,  water  is  decomposed,  the  hydrogen 
being  used  in  the  formation  of  indigo-white,  «.  g.  with  stannous  oxide  : 

2C^*N0  +   SnO  +  H«0     -     C"H'«NK)«  +  SnO« 
Indlgo-bloe.  Indlgo-wiiite. 

The  following  substances  react  in  a  similar  manner:  phosphorus,  phosphorous  actd,  sul- 
phurous acid,  sulphydric  add,  potassium-amalgam,  sulphide  of  potassium,  sulphide  of 
Dodium,  sulphide  of  arsenic,  sulphide  of  antimony,  zinc,  tin,  iron,  ferrous,  stannous, 
and  manganous  oxides,  grape-sugar,  and  substances  undergoing  fermentation  or  putre- 
faction, as  sugar,  gluten,  unne,  woad,  madder.  Warm  putrid  unne  dissolves  indigo-blue, 
the  ammonia-compound  of  indigo-whito  being  formed.  According  to  Lowenthal,  on 
the  contrary  (J.  pr.  Chem.  Ixx.  463),  this  Auction  of  blue  to  indigo-white  is  not 
produced  by  salts  of  sulphurous  or  phosphorous  acid,  by  sulphide  of  potassium, 
sulphide  of  caldum,  mancanous  salts,  or  arsenite  of  sodium ;  but  inoigo-blue  dissolved  in 
sulphuric  add  is  reducea  to  indigo- white,  when  mixed  with  excess  of  acid  carbonate  of 
potajsium  or  sodium,  and  then  treated  with  sulphydric  acid.  Lowenthal  is  of  opinion 
that  indigo- white  is  not  indigo-blue  plus  hydroeen,  but  indigo-blue  minus  oxygen. 

Tfstinn  and  Valuation  of  Indigo, — Commercial  indi^  occurs  in  small  lumps  or  cubic 
loaves  of  a  violet-blue  colour;  when  of  good  quab'ty  it  is  very  light ;  assumes  a  coppery 
aspect  when  rubbed  with  a  hard  polisned  body;  and  is  free  from  fiaws  or  cavities 
traversed  by  brown  or  whitiah  veins.    The  best  sorts  are  light  enough  to  float  on  water. 

External  characters,  however,  give  but  veiy  uncertain  indications  of  the  amount  of 
real  colouring  matter  contained  in  a  sample  of  indigo;  hence  it  becomes  necessaiy  to 
resort  to  chemical  methods  of  estimating  the  amount  of  pure  indigo-blue,  uood 
sorts  of  indiffo  contain  about  60  per  cent.,  but  the  proportion  is  often  much  reduced  by 
fraudulent  admixture  of  foreign  substances,  such  as  sand,  vegetable  mould,  powdered 
lead,  starch,  &c  Some  foreign  matters  are  also  unavoidably  introduced  in  toe  process 
of  manufacture. 

The  indigo  is  first  dried  over  the  water-bath  to  estimate  the  hygroscopic  water; 
which,  in  samples  not  fraudulently  moistened,  varies  from  3*5  to  6  percent  The  dried 
indigo  is  then  calcined  in  a  platinum  crudble  to  determine  the  amount  of  ash.  Good 
bdigo  generally  yields  from  7  to  10  per  cent  The  presence  of  sand,  lead-powder,  &c., 
may  then  easily  be  detected  by  washing  the  ash  with  water. 

The  presence  of  starch,  sometimes  coloured  with  iodine,  is  indicated  by  the  pale 
colour,  greater  density,  and  friability  which  it  imparts  to  the  lumps  of  indigo.  It  may 
be  furtiMr  detected  by  treating  the  indigo  with  slightly  alkaline  water,  neutralising  the 
filtered  liouid  with  a  few  drops  of  add,  and  testing  with,  iodine. 

The  older  methods  of  estimating  the  proportion  of  real  indigo-blue  in  commercial 
indi^  depend,  for  the  most  part,  on  the  decoloration  produced  by  chlorine  and  other 
oxidising  agents. 

1.  WiSk  chlorine  water, — A  weighed  quantity  of  the  finely  pulverised  indigo  is  added 
by  small  portions  to  a  measured  quantity  of  a  saturated  aqueous  solution  of  chlorine,  as 
loD^  as  it  dissolves  with  yellow  colour,  and  the  quantity  thus  dissolved  is  ascertained  by 
weighing  the  reaidue.    A  similar  trial  is  then  made  with  perfectly  pure  indigo-blue, 
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iflon  of  the  two  results  giTee  tj 
xnercial  indigo  under  examinati 
uckly,  it  rannot  be  titrat^^  long 
loriae  of  lime, — ^The  indigo  is  & 
or  60^  with  fuming  sulphuric  ac 
r,  and  poured  into  a  graduated 
to  a  measured  quantity  of  aquei 
permanent  A  similar  experimc 
y  blue,  the  colouring  power  of  t 
i  of  the  blue  solution  consumed  in 
iustr.  de  Mulhouse,  vol  xv.) 
fdrochlorie  acid  and  chlorate  oj 
sted  for  some  hours  with  10  gnni 
to  assist  the  solution.  The  liqu 
)  of  water,  60  grms.  of  strong  hj 
he  boiling  point.  On  the  omev 
D  100  grms.  of  water ;  and  the  f 
rop  by  drop  to  the  boiling  indig 
The  richness  of  the  sample  o 
iilorate  consumed.  (B  o  1 1  e  y,  A 
iphurie  add  and  acid  chromate 
I  that  just  described ;  10  grms.  o 
re  for  decoloration  exactly  7^  pt 

aethods  are  liable  to  the  objects 
letween  the  different  shades  of  c 
erent  cases,  the  pure  green  tint  i 
lace  to  a  dirty  oliye  or  brownisl 
he  impurities  contained  in  it 
i,  it  is  scarcely  possible  to  avoi 
rhich  will  of  course  raise  the  ac 
employing  these  methods  indeed 
than  80  per  cent,  of  pure  indigo 
B  60  per  cent,  and  average  quali 
ing  methods,  which  depend  upoi 
Lve  more  exact  results. 
rotosulphate  of  Iron.— A  weighed 
ith  an  equal  weight  of  pure  lime  p 
3  a  stoppered  bottle  of  known  ca 
is  added  to  the  rest  The  bottl 
quantity  of  finely-powdered  sulj 
1  water;  the  stopper  is  inserted 
rhole  is  left  at  rest  for  several  l 

sunk  to  the  bottom.  A  portioi 
I  the  quantity  of  liquid  having  I 
hydrochloric  acid,  and  the  pnHn 
I  air),  is  collected  on  a  weighed 
b  the  indigo-blue  is  dried  at  the 
r  the  filter  having  been  subtrac 
hblue  is  ascertained.  Suppose, 
10  measures,  and  that  60  measui 
e ;  then  the  total  quantity  of  ind 
indiflo  it  is  necessary  to  take  fro 
r  tedious,  gives  better  results  th 
e  indicated  by  it  is  usually  some 

sample. 

tannous  chloride. — ^The  ^-solu 
prepared  by  dissolving  the  subsfa 
strong  sulphuric  add,  with  addi 
I  the  solution.    The  indigo-solu 

it  contains  exactly  1  grm.  of  in 
d  in  a  similar  manner,  and  the 
le  blue  colour  changes  through  j 
kust  first  be  removed  by  digest 
a.  (E.  Mulder,  Scheik.  Ondei 
inc. — A  solution  of  indi^  in 
acid,  and  decolorised  by  one  in 
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ealciuiii-salt  and  carbonate  or  phosphate  of  aodhim  added,  carbonate  and  phoephnte  of 
btiriaoi  and  carbonate  of  calcium  are  precipitated  of  a  light  blue  colour,  and  phoepbate 
of  calcium  of  a  deep  blue  colour.  When  the  solution  g!  sulpbindigotate  of  potaissium 
is  mixed  with  acetate  of  lead  and  a  solution  of  tannic  acid,  the  precipitate  of  tannate 
of  lead  carries  down  all  the  colouring  matter  with  it 

Sulphindigotate  of  potassium  occurs  in  commerce  as  ^te  or  diy  powder,  known  as 
precipitated  indigo,  indigo-carmine,  soluble  indigo,  or  solid  blue  It 
IS  used  for  dyeing  linen  of  an  axure-blue  colour,  and  for  producing  yeiy  pure  blue 
odours  on  wooL 

Sulpkindiffotate  of  Sodium^  also  called  indigo-carmine,  resembles  the  potassium 
saltt  and  is  used  for  simiUr  porposes,  but  is  more  soluble  in  saline  solutions. 

SnlpboplioMileio  AOld«  20*H*N0.S0*.  Indigo-^rpU,  Phanicin,  Sulpkopurpurie 
add. — This  acid  is  formed  when  sulphuric  acid  is  allowed  to  act  upon  indi^  fur  a  short 
time,  or  not  in  excess.  To  prepare  it  1  pu  of  indigo-blue  is  mixed  with  from  8  to  10  pts. 
of  stron^i  sulphuric  acid,  and  kept  for  tnree  days  at  a  temperature  of  50^  or  60^ ;  the 
solution  IS  then  diluted  with  water,  and  the  precipitate  of  sulphophoenicic  acid  is  filteied, 
washed  with  dilute  h^rdrochloric  acid,  and  dried  in  an  oil-bath  at  80^ — 100^  (Duma  s). 
Or  powdered  indigo  is  purified  by  boiling  with  dilute  sulphuric  add.  and  then  shaken 
up  with  from  7  to  8  pts.  of  strong  sulphuric  acid  till  the  mixture  becomes  olive-green. 
Tiie  whole  is  then  diluted  with  a  very  large  quantity  of  water,  and  the  precipitate  of 
sulphophoanicic  add  is  collected  on  a  filter  and  washed  with  water,  which  becomes  more 
de^y  blue  in  proportion  as  the  sulphuric  add  is  removed.  The  last  filtrates  are 
evaporated  to  dryness.    (Crum.) 

As  the  extraction  of  the  sulphophcsnidc  add  on  the  filter  according  to  (1)  is  a  Tery 
sbw  process,  and  when  the  greater  part  of  the  indigo-blue  is  converted  into  sulpho- 
phcsmdc  add  by  the  prolong  action  of  the  sulphuric  add,  water  will  no  longer  puss 
through  the  filter,  the  following  method  may  be  employed,  which  yields  a  more  abun- 
dant, though  lees  puro  product.  1  pt  of  powdered  indigo  is  shaken  in  a  flask  with  10 
pts.  of  strong  sulphuric  add,  till  the  blue  colour  which  the  indigo  had  at  first  lost  is 
oompletdy  restored.  For  this  purpose,  from  ten  to  twelve  hours  are  requisite  at  7°, 
three  hours  in  the  heat  of  the  sun,  20  minutes  at  38^,  and  a  few  moments  at  100°.  A 
Urge  quantity  of  water  is  added ;  the  solution  is  filtered ;  and  the  predpitate  is  taken 
from  the  filter  and  washed  by  decantation  with  water  containing  sufficient  chloride  of 
ammonium  to  prevent  it  frvm  dissolving  the  sulphophosnicic  add.  The  solution  of 
chloride  of  ammonium  is  allowed  to  run  from  the  filter,  and  the  predpitate  is  removed 
and  suspended  in  a  huge  quantity  of  water.  After  three  days,  the  solution  is  poured 
cff,  and  the  water  is  renewed  as  long  as  sulphophoenicic  add  continues  to  dissolve.  The 
sulphophcenidc  acid  is  then  precipitated  from  the  decanted  solutions  by  chloride  oi 
potassium,  and  the  predpitate  is  washed  on  a  filter  with  water  as  long  as  the  water 
continues  to  pass  through.  Sulphophoenidc  add  thus  prepared  contains  a  little  potas* 
sium-salt  and  a  huge  quantity  of  earthy  matter;  after  drying,  it  is  no  longer  soluble  in 
water.    (Crnm.) 

HiiTely  triturates  1  pt  of  finely  powdered  indigo  with  20  pts.  of  common  sulphuric 
add ;  allows  the  whole  to  stand  for  some  time,  till  a  drop  of  the  solution,  whidi  is  at  first 
bhie,  colours  water  or  paper  violet ;  and  then  mixes  the  solution  with  a  large  quantity  of 
water :  the  action  of  the  sulphuric  add  is  promoted  by  heating  the  whole  to  40^.  If 
Ins  sulphuric  add  is  used,  it  must  be  more  strongly  heated ;  if  only  3  pts.  of  sulphuric 
sdd  are  employed  for  1  pt.  of  indigo,  the  latter  is  not  completely  converted  into  sulpho- 
pbcnidc  acid.  If  fuming  sulphuric  add  is  used,  it  is  not  easy  to  discover  when  the 
teactbn  is  ended. 

PropertitM. — Sulpbophcenidc  add  forms  a  blue  mass  or  a  purple-red  powder,  soluble  in 
water,  to  iHiieh  it  imparts  a  blue  colour.  It  dissolves  reaoily,  with  blue  colour,  in  sul- 
phuric add,  especially  in  the  fuming  add,  being  at  the  same  time  gradually  converted 
uto  sulphindisotie  add.  With  a  l^ge  quantity  of  soda-lcr,  it  forms  a  yellow  solution 
which  turns  Uue  if  immediately  mixed  with  sulphurio  acid  of  66^  B.;  but  stronger  sul- 
{huric  add  added  after  24  hours,  produces  a  whitish  predpitate.  (Oros^Benaudv 
i)ind.pQLJ.  129,  288.) 

Tbe  ndpkopktmieaUs  arepredpitated  from  the  aqueous  solution  of  the  add  by  the 
sddition  of  other  salts.  When  dry  they  aro  red ;  their  aoueous  solutions  are  blue. 
They  dissolve  veiy  sparin^y  in  water,  but  more  readily  in  alcohol  The  solutions  are 
Kduced  to  yellow  liquids  hj  heating  with  sulphydric  add,  by  sulphate  of  iron  and 
lime,  or  br  caustic  alkalis,  llie  redu^  solutions  turn  blue  on  exposure  tathe  air,  and 
on  the  addition  of  other  salts,  the  salt  of  sulphophoenidc  acia  is  precipitated  un- 
changed. 

The  amm&mwmsilt,  when  heated,  evolves  sulphurous  anhydrida  together  with  sul- 
phite of  ammonium,  and  a  red  vapour  which  yields  a  sublimate  like  indigo-blue.  Thi« 
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It  dissolTW  Tery  readily  in  water,  and  slowly,  bat  eomplctely,  in  strong  alcohol 

the  solutions  appear  dark  green  by  reflected  lights  and  dark  red  by  transmitted  light. 

The  a^joeous  solution  miz^  with  lime-water  Incomes  yellow  in  contact  with  the  air. 

The  lead-salt  is  somewhat  soluble  in  water,  imparting  to  it  a  greenish  colour. 

nmillOTZO  AOXll.    Syn.  with  NrrRosiucTLic  aozd.    (See  Salictuo  acid.) 

ZMSZOOTZV*    Syn.  with  Iitdioo-blub. 

ZVSSao-WBZTB.  C>•H'<NK)^  White  Indigo,  reduced  or  deoxidised  Indifo, 
Indigogen{Om,  xiii.93 ;  Gerh.  iii.  610). — ^A  colonriess  substance,  produced  by  the  action 
of  reducing  ag<*nts  on  indigo-blue  (pp.  261,  264),  and  differing  from  a  double  molecule 
of  the  latter  (C'«H»*NK)«)  by  two  atoms  of  hydrogen.  Chevreul,  who  was  the  first  to 
isolate  it,  supposed  that  it  existed  ready  form^  in  indigoferous  plants,  and  was 
ooorerted  into  indi^blue  by  oxidation ;  but  Schunck  has  shown  thai  tldis  yiew  is 
untenable,  because  indigo-whito  is  soluble  only  in  alkaline  liquids,  and  the  juice  ot 
plants  is  always  acid.  Moreoyer,  if  the  indigo-white  existed  in  the  juice  of  these 
plants,  it  would  be  conyerted  into  indigo-Mue  by  oxidation,  on  eoming  to  the  surface, 
which  is  not  the  case. 

Preparation. — Commercial  indigo,  purified  b^  boilinff  with  hydrochloric  acid,  next 
with  strong  potash,  and  afterwards  with  alcohol,  is  mixed  with  freshly  prepsred  hydrat«k 
of  calcium  (2  parts  of  quick-lime  to  1  of  indigo)  and  placed  in  a  closed  yessel  with  160 
parts  of  boiiinff  water,  alter  which  sulphate  of  iron  equal  to  one-third  the  weight  of  the 
indigo  is  added,  and  after  the  yessel  has  been  dosed,  the  whole  is  carefully  shaken. 
After  two  days,  the  solution  is  decanted  by  means  of  a  siphon  into  flasks  fllled  with 
carbonic  anhydride,  and  when  the  flasks  are  nearly  fbll,  they  are  completely  filled  with 
boiling  dilute  hydrochloric  add,  corked  up,  and  placed  in  a  yessd  containing  cold 
water.  The  air  is  thus  preyented  from  obtaining  access  to  the  indigo-white,  which 
separates  out  in  white  cnrstalline  fiakes.  After  the  indigo-whito  has  settled  down,  the 
solution  is  drawn  off  with  a  wide  siphon,  and  the  deposit  is  throyrn  upon  a  filter,  which 
is  ooyered  with  a  bell-jar,  into  which  a  stream  of  hydrogen  or  carbonic  anhydride  is 
passed.  The  filter  is  washed  with  cold  water,  which  has  been  well  boiled  and  then 
corked  up.  Indigo-white  is  yery  easy  to  wash,  and  if  the  deposit  is  allowed  to  stand 
fbr  seyeral  days,  it  becomes  so  consistent  that  it  may  be  washed  in  the  air  without 
becoming  deeply  coloured.  After  the  oontente  of  the  filter  haye  been  washed,  they  are 
ppread,  while  snll  moist,  upon  a  glass  plate  and  dried  in  a  yacnum.  When  the  indigo- 
white  is  dry,  carbonic  anhydride  is  allowed  to  fiow  into  the  receiyer  of  the  air-pump, 
in  order  that  the  pores  of  the  dry  mass  may  become  filled  with  the  gas  (Berzelius, 
Duma  s). — 2.  Three  pts.  of  indigo-blue  whicn  haye  been  purified  by  bouin^^  are  digested 
for  24  hours  with  6  pts.  of  hydrate  of  caldum,  4  pte.  of  sulphate  of  iron,  and  120  pts. 
of  water,  in  a  dosed  fiask  filled  with  hydrogen,  and  the  whole  is  frequently  shaken  till 
the  deposit  assumes  a  greenish-yellow  and  the  solution  a  reddish-ydlow  colour.  The 
lime  is  predpiteted  from  the  latter  with  carbonate  of  potassium,  and  the  dear  sdution 
is  decanted  by  means  of  a  siphon  filled  with  hydrogen,  into  a  flask  containing  a 
mixture  of  hycirochloric  add  and  sulphite  of  ammonium.  The  thick  white  predpiteto 
which  is  thus  formed  is  flltered  out  of  contact  with  the  air,  washed  with  water  con- 
taining a  little  sulphite  of  ammonium,  and  dried  at  100^  in  a  stream  of  hydrogen. 
(Liebig.) 

Properties. — Indigo-white  thus  prepared  forms  a  coherent  greyish-white  mass  haying 
a  fiunt  silky  lustre ;  if  absolutely  pure,  it  would  probably  be  quite  white.  It  is  taste- 
less, inodorous,  and  does  not  change  the  colour  of  litmus.  It  is  perfectly  insoluble  in 
water,  and  in  such  acitis  as  do  not  decompose  it,  but  dissolyes  in  aqueous  alkaUs,  in 
dieokol^  and  in  tther,  forming  yellow  solutions,  which,  when  exposed  to  the  air,  turn 
yellow  and  depodt  indigo-blue. 

Decompositions. — 1.  When  indigo-white  is  heated  in  a  yacuum,  a  little  water  is 
evoWed,  a  small  qnantiWof  indigo-blue  sublimes,  and  a  large  carbonaceous  reddue  is 
left  (Berzelius). — 2.  When  exposed  to  the  at>,  and  in  contact  with  yarious  oxygen* 
tompotmds,  it  takes  up  oxygen  and  is  conyerted  into  indigo-blue.  Freshly  predpiteted 
indigo-white  turns  blue  immediately  when  shaken  with  water  containing  air,  eyen  if  a 
free  acid  is  present  After  washing,  and  while  still  moist,  it  becomes  purple  through 
its  entire  mass  on  exposure  to  the  air,  unless  it  is  rapidly  dried.  When  dry,  it  requires 
seyeral  days*  exposure  to  the  air,  to  oxidise  it  completely,  first  becoming  brisht 
bine,  and  then  dark  blue  through  the  entire  mass.  It  cannot  be  preseryed  in  sealed 
tubes,  since  the  air  contained  in  ite  pores  is  sufficient  for  ite'conyersion  into  indigo-Wue. 
Dry  indigo-white  exposed  to  the  sir  at  a  gradually  increasing  temperature,  fmddenly 
bo'oraies  dsrk  purple.  When  a  cupric  salt  is  added  to  an  alkaline  solution  of  indigo- 
white,  a  salt  of  the  alkali,  together  with  indigo-blue  and  cuprous  oxide,  are  formed  ; 
the  latter,  on  the  addition  of  sulphuric  add,  is  decompo«*»d  into  cuprous  oxide,  which 
diiisolves,  and  a  residue  of  metal. — 3.  Indigo- white  precipitated  from  an  alkaline 
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from  which  hydrochloric  «dd  throws  down  sometimes  undecomposed  uidiii,  and 
sometimes  j^ellow  flakot,  especiaUy  if  the  solution  has  been  boilad.  With  sulphite  of 
ammoniuM  it  behaves  Hke  indin.    Ammonia  does  not  act  i^on  it 

ZVAXVSITLVBUXXC  AOXB.  CP'H>'N^9H>*-(C>*H**K*0*.S0*).SH"CH.  (G.  and 
A.  Sehlieper,  Ann.  Gk.  Pham.  txx.  24.) — An  acid  prodneed  by  the  oxidi^n  of 
hydrindJBsaltiliiirif  acid  (see  below).  The  transformation  may  be  efliBcted  by  heating 
faydrmdinmilpharic  add  with  a  few  drops  of  nitric  add,  or  by  t3«iting  it  with  an 
alkaline  of  solution  of  ferrieyanide  of  potaadum  or  hypochlorite  of  sodium.  The  hydrin- 
dinaolphates  are  also  oonTcrted  into  indinsniphates  fay  exposure  to  the  air,  especially  in 
alkaline  solution,  or  by  heating  them  with  nitric  or  nitromuriatic  add.  The  mother- 
liquor  obtained  in  the  preparation  of  hydrindinsulphate  of  barium,  treated  with  hot 
nitric  acid,  yidds  large  quantities  of  the  indinsulphate.  The  firee  add  may  be  obtdned 
^D  the  crystalline  form  by  decomposing  the  barium-salt  with  sulphuric  add,  and  evapo- 
•vting  the  filtrate.  It  has  a  red  colour,  is  easily  soluble  in  water,  sparingly  in  alcohol^ 
and  is  predpitated  from  the  alcoholic  solution  by  ether,  in  red  flocks.  The  aqueous 
•dntioa  dyes  silk  and  wool  seariet.  Its  colour  is  altered  by  alialie,  probably  in  con- 
sequence of  a  change  analogous  to  the  conyerdon  of  isatin  into  isatic  add.  By  sulphy- 
drie  acid  it  is  reduced  to  hydrindin-sulphuric  add : 

C»«H»«N»SK)»  +  2H«S     -     C'«H»^N*SK)«  +  S»  +  HH). 

Indinsulphuric  acid  is  dibadc,  and  appears  to  form  soluble  salts  with  most  bases. 
The  salts  when  heated  yield  a  ^ystalline  sublimate  of  a  fine  red  colour. 

The  banum-salt,  C«H"Ba'WS«0».2HK),  is  obtained,  b)r  drenching  the  hydrindin- 
sulphate with  dilute  ammonia,  expodng  it  to  the  air,  and  stirring  frequently,  as  a  finely 
oystalline  powder  of  a  fiery  carmine-red  colour ;  or,  by  heating  the  mother-liqnor 
of  the  hyorindinsulphate  with  nitric  add,  as  a  light  powder  consisting  of  fdender 
dark-red,  brown  neecUes.  It  is  moderately  soluble  in  jpure  water,  insoluble  in  aqueous 
chloride  of  barium,  alcohol,  and  cold  hydrochloric  acid  and  nitric  adds.  At  100^  it 
giTce  off  6*46  per  cent,  water  (calc.  2  at  »6'89),  and  the  dried  salt  yields  by  analysis 
33-64  percent  carbon,  2*02  hydrogen,  and  26*27  to  26*74  baiyta,  the  formula  requiring 
33*39  C,  174 H,  and  2660  BaO. 

The  ttotaseitm-eait,  C5»«H»*K"N«S*0».6HH),  is  obtained,  by  oxidising  the  solution  of 
the  hycuindinsuli^te,  by  exposure  to  the  air,  or  by  means  of  ferricranide  of  potasdum, 
as  a  bulky  carmine-coloured  predpitate,  perfectly  insoluble  in  liquids  containing  potash. 
A  hot  solution  of  indinsulphuric  acid  mixed  with  excess  of  a  potassium-salt,  the  cnloride 
for  example^  depodts  the  mdinsulphate  on  cooling  in  interlaced  needles  of  a  dark-red 
colour  and  almost  metallic  lustre,  and  so  bulky  mat  they  nearly  fill  the  liquid.  The 
air-dried  salt  hteted  to  100^  gaye  off,  on  the  arerage,  14*24  and  14*34  per  cent  water 
(calc  5  at  »  14*85),  and  the  remaining  anhydrous  salt  gaye  by  analysis  18*09  and 
18*21  per  cent  KH),  the  formula  requiring  18*21  per  cent 

The  mlver-eaUy  C**H**A^*SK)*,  is  obtained  by  mixing  a  solution  of  the  add  with 
excess  of  nitrate  of  sihrer,  m  small  brown  bulky  needles  yidding  (at  100^)  by  analysis 
29*39  per  cent  C,  1*68  H,  and  82*76  Ag;  calc.  29*36  C.  1*63  H,  and  3302  Ag. 

■ydrtadSBralpliiffto  mM.  C>%i«N«SK)*  -  (C'*H"N>O.SO').SHK>«.  (O.  and 
A  Schlieper,  Ann.  Ch.  Fharm.  cxx.  20.)— This  add,  which  may  be  deriyed  from 
indinsulphuric  add  by  the  substitution  of  2  at.  H  for  1  at  0,*  is  produced  bj  the 
action  a(  sulphydric  add  or  sulphide  of  ammonium  on  indinsulphuric,  or  isatinsnl- 
phuric  add ;  also  of  dnc  and  hydrochloric  or  sulphuric  add  on  the  latter,  but  not  by 
the  action  of  hydriodic  add. 

Prfparaiion. — A  moderately  concentrated  solution  of  isatinsulphuric  arid  (1  pt  of 
the  add  to  5  or  6  pts.  water)  is  slightly  supersaturated  with  ammonia,  then  mixea  with 
half  its  bulk  of  sulphide  of  ammomum,  and  heated  to  boiling,  the  liquid  then  becoming 
brown  fifom  dissohred  sulphur,  and  smelling  strongly  of  ammonia.  More  sulphide  of 
ammonium  is  then  gradually  added  to  the  boiling  liquid,  till  it  smells  permanently  of 
sulphydric  add ;  and  the  boilingis  continued  (in  a  flask,  to  preyent  oxidation) as  long 
as  a  trace  of  ammonia  escapes.  The  neutralpale-red  solution  flltered  from  the  separated 
sulphur  consists  almost  wholly  of  hydrinmnsulphate  of  ammonium,  which  may  be 
ronyerted  into  the  barium-salt  by  predpitation  with  chloride  of  barium,  and  from  this 
the  add  is  obtained  by  decompodtion  with  sulphuric  add. 

Hydrindinsnlphuric  add  is  obtained,  by  eyaporation  of  its  aqueous  solution,  as  a 
colouriess  radio-oystalline  mass,  which  becomes  reddish  when  exposed  to  the  air.  It 
has  a  yeiy  sour  taste,  dissolyes  easily  in  water,  less  easily  in  alcohol^  and  is  insoluble 
in  rther. 

The  add  is  dibadc ;  its  salts  are  almost  all  soluble,  and  are  easily  converted  into 
indiDSQlphates  by  oxidation,  espedally  in  alkaline  solutions. 

*  In  thr  original  nM>moir  (p.  31).  th«  two  acidi  are  said  to  be  relMted  to  one  another  in  the  same  manner 
u  imligo-whtte  and  UMtigo-blue}  but  thii  ttalemcnt  \%  incotultCent  wHb  the  forroulK. 
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gcflalinoDS.  Sonfle  prepares  it  by  mixiiig  16  pts.  by  weight  of  solid  ooramereial 
extxBCt  of  logwood,  with  1,000  nfta.  water  {or  a  decoction  of  1  pt  of  logwood  boiled 
do^m  to  8  pta.  of  liquid),  and  adds  1  pt  of  yellow  chromate  of  potaBsiam  dissolyed  in 
water.  Qobel  takea  24  pta.  of  solid  logwood  extract,  1,000  pta.  water,  and  2  pts. 
yellow  chromate. 

yamatUum  ink. — ^Preparfd  by  mixing  a  decoction  of  galls  with  yanadate  of  ammo- 
niSb  It  is  black,  and  flows  easOy,  becanse  it  does  not  contain  any  precipitate ;  it  ia  not 
attadced  by  dihite  alkalis,  bnt  acids  torn  it  blue.    (Berzelins.) 

The  blaek-vioUt  Bauen  ink  (enere  bUue  rouenaise)  is  prepared  by  boiling  750  pts.  of 
logwood  with  6^000  ^  water,  85  pts.  alum,  31  pts.  gum-arabic,  and  15  pts.  sngar- 
eandj,  leanng  the  mixtore  to  stand  for  two  or  three  days,  and  straining  through  a 
linen  doth. 

ink  in  cakt9.--A2  pts.  of  good  nut  sails  and  3  i>ts.  of  madder  are  boiled  in  about 
HZ  times  their  weight  of  water;  the  filtered  decoction  is  mixed  with  6i  pts.  copperas, 
mnd  2  pts.  (lyrolignate  of  iron ;  1 J  pts.  solution  of  indigo  (in  sulphuric  acid,  diluted 
with  water)  is  then  added ;  the  mixture  is  evaporated  nearly  to  dryness  at  a  gentle  heat, 
and  with  constant  stirring ;  and  the  pasty  mass  is  then  made  into  cakes,  and  thoroughly 
dried.  This  ink  dissolT^  in  6  pts.  of  hot  water  is  said  to  make  an  excellent  copying 
ink,  and  in  10  or  12  pts.  water,  a  yery  fine  writinff  ink. 

Ink-powder, — A  solid  chrome-ink  may  be  made  by  triturating  together  to  a  fine 
powder,  100  extract  of  logwood,  1  pt  neutral  chromate  of  potassium,  and  -^  indigo- 
carmine.  1  pt>  of  this  powder  added  to  32  pts.  water  is  said  to  make  rery  good  ink. 
A  mixture  of  4  pts.  pounded  galls,  2  pta.  copperas,  and  1  pt.  gum-arabic  ijb  also  fre- 
quently sold  as  an  ink-powder. 

CojMfing  ink$. — ^Inks  for  this  purpose  must  be  rather  thick,  not  dry  too  quickly,  and 
soltea  when  moistened  again,  without  becoming  too  fluid.  The  following  preparation 
is  much  recommended:  4  pts.  by  weight  of  lo^rood-extract  are  dissolyed  in  a  mixture 
of  60  pts.  yinegar,  and  70  pts.  water,  and  3  pts.  copperas,  2  pts.  dum,  2  pts.  gum- 
arabic,  and  4  pts.  sugar  are  then  added.  This  ink  is  at  flist  more  yiolet  than  thr 
Bonea  ink,  which  is  also  used  as  a  copying  ink. 

IndekbU  inks, — ^As  writing  executed  with  ordinary  ink  is  liable  to  fiide  in  course  of  time, 
the  tannate  and  gallat«  of  iron  being  gradually  decomposed,  and  as,  moreover,  it  is  easily 
flflboed  by  the  action  of  certain  chemical  reagents  (oxalic  acid,  hydrochloric  acid,  chlo- 
rtneX  it  is  desirable  that  valuable  documents  should  be  written  with  an  ink  not  liable  to 
desitruetion  from  such  agencies.  Various  compositions  have  been  proposed  for  this  purpose. 
Host  of  them  consist  of  common  ink,  or  some  other  dark-coloured  liquid  in  which  finely 
divided  carbon  (Indian  ink  or  lamp-black)  is  suspended.  The  simplest  of  all  is  made 
hj  mixing  common  ink  with  Indian  ink  (p.  246)  rubbed  up  with  weak  hydrochloric  acid. 
Writing  executed  with  such  ink  cannot  be  bleached  by  chlorine  or  destroyed  by  acids ; 
bat  the  carbon  may  be  ultimately  removed  by  water,  even  when  it  is  as  finely  divided 
as  in  Indian  ink,  and  consequently  penetrates  the  pores  of  the  paper  to  a  certain 
ezt«^t  Inkprepared  in  like  mannerwith  lamp-black  is  easily  washed  away.  Traill's 
indelible  ink  is  prepared  by  steeping  wheat-gluten  in  water  for  24  to  36  hours,  then 
dissolving  it  with  aid  of  heat  in  strong  vinegar,  of  specific  gravity  1*033,  or  in  pyro- 
Ugneons  add,  and  then  rubbing  it  up  with  £idian  ink  or  lamp-black.  This  ink  is  of 
a  fine  black  colour,  and  cannot  be  obliterated  by  water,  chlorine,  or  dilute  acids. 
Kind  dissolves  1  pt  honey  in  14  pts.  water,  adds  2  pts.  strong  sulphuric  acid,  and 
then  adds  a  quantity  of  indigo-solution  sufficient  to  render  the  ink  risible  in  writing.  A 
hoi  iron  is  then  passed  over  the  writing,  whereby  not  only  the  honey  is  carbonised, 
bat  likewise  a  portion  of  the  paper-fibre,  by  the  action  of  the  free  sulpnuric  acid.  The 
writing  cannot  be  effaced  by  any  chemical  reagent  and  only  with  great  difficulty  by 
mechanical  means,  since  the  ink  penetrates  deeply  into  the  paper,  and  the  charcoal  is 
consequently  separated  within  the  pores ;  the  paper  is,  however,  veiy  much  attacked. 

The  vanadium^ink,  above  described,  may  also  be  used  as  an  indelible  ink; 
arida  merely  turn  it  blue ;  chlorine  destroys  the  black  colour,  but  does  not  efface  the 
writino,  even  after  lonff  washing. 

Red  Ink. — Red  iiuc  is  usu^y  prepared  either  with  cochineal  or  with  Brazil-wood. 
The  cochineal  inks  are  the  brightest  but  at  the  same  time  the  dearest  and  most 
fugitive.  The  best  is  a  solution  of  pure  carmine  in  caustic  ammonia ;  it  must  be  pre- 
serfed  in  well-stopped  vessels.  Bottger  recommends  1  pt  of  good  carmine,  120  caustic 
ammonia,  and  1}  pt  gum-arabic  A  cheaper  but  less  brightly  coloured  ink  is  made 
by  drendking  12  pts.  St  pulverised  cochineal  and  4  pts.  of  carbonate  of  ammonia  (or 
peari-ash)  with  32  pts.  hot  water,  then  digesting  and  pouring  off  the  clear  liquid. 
Addition  of  cream  of  tartar  and  stannic  chloride  renders  the  ink  more  scarlet ;  cream 
of  tartar  and  an  equal  weight  of  alum  give  it  a  crimson  tint 

Brtuti-wood  inks  are  made  by  boiling  the  wood  in  water,  adding  tin-salt  (stannous 
ehbride)  or  cream  of  tartar  and  alum  to  modify  the  tint  and  thickening  with  gum- 
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3,0,  4  pta.  Brazil-wood  boiled 
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I^K.  273 

boilioff  than  linMed  oQ,  and  does  not  easily  acqaire  lo  firm  a  conaistenec.  The  oil 
■bould  be  old  and  well  cleared,  by  deposition,  from  particles  of  mucus. 

Ten  or  twelve  gallMis  of  the  oil  are  set  oyer  tlie  fire  in  an  iron  pot,  capable  of  holding 
st  least  half  as  mnch  more ;  for  the  oil  swells  up  greatly,  and  its  boilins  over  into  the 
fire  woold  be  very  dangerous.  When  it  boils,  it  is  continually  stirred  with  an  iron  ladle ; 
and  if  it  do  not  itself  toke  fire,  it  is  kindled  with  a  piece  of  fiaming  paper  or  wood :  for 
nmple  boiling,  without  the  actual  inflammation  of  tne  oil,  does  not  communicate  a  suffi- 
cient degree  of  the  drying  quality  required.  The  oil  is  suffered  to  bum  for  half  an  hour 
or  more,  and  the  flame  b^ng  then  extinguished  by  coTering  the  vessel  dose,  the  boiling 
it  afterwards  continued  with  a  gentle  heat,  till  the  oil  appears  of  a  proper  consistence ; 
inthisstate  it  is  called  varnish.*  It  is  necessai^  to  have  two  kinds  of  this  varnish,  a 
thicker  and  a  thinner,  firom  the  greater  or  less  boiling,  to  be  occasionally  mixed  together 
as  different  purposes  may  require,  that  which  answers  well  in  hot  weather  being  too 
thidL  in  col<C  and  larse  characters  not  requiring  so  stiff  an  ink  as  small  ones. 

The  thickest  varnish,  when  cold,  majr  be  drawn  into  threads  like  weak  glue,  by  which 
criterion  the  workmen  judge  of  the  due  boQing,  small  quantities  being  from  time  to 
time  taken  oat  and  dropped  upon  a  tile  for  this  puipose.  It  is  veiy  viscid  and  tenacious, 
like  the  soft  resinous  juices,  or  thick  turpentine.  Neither  water  nor  alcohol  dissolves  it ; 
bat  it  mingles  readily  enough  with  fr^h  oil,  and  unites  with  mucilages  into  a  mass 
diflusible  in  water  in  an  emulsive  form.  The  oil  loses  from  one-tenth  to  one-eighth  of 
its  weiftht  by  boiling  into  the  thick  vamiih. 

For  letter-press  printing  ink,  the  addition  of  soap  to  the  varnish  is  indispensable,  to 
enable  the  ink  to  1>b  taken  up  clearly  from  the  types  by  the  moistened  paper,  without 
smearing.  The  soap  used  for  the  purpose  is  yellow  resin-soap ;  it  is  cut  into  thin 
slices,  well  dried,  rubbed  to  coarse  powder,  and  incorporated  by  small  portions  at  a 
time  with  the  varnish,  which  is  then  once  more  placed  over  Uie  fire,  to  expel  any 
remaining  moisture. 

The  colouring  matt^er  of  black  printing  ink  is  the  best  lamp-black,  previously  cal- 
cined to  free  it  from  empyreumatic  oils  and  resins.  Its  somewhat  brownish  colour  is 
eonected  by  the  addition  of  a  little  Prussian  blue  or  indigo. 

The  ink  used  by  copper-plate  printers  differs  in  the  oil,  which  is  not  so  much  boiled 
■fl  to  acquire  the  adhesive  quahty.  This  would  render  it  less  disposed  to  enter  the 
carities  of  the  engraving,  and  more  difficult  either  to  be  spread  or  wiped  off  (tJre).t 
The  black  Ib  likewise  of  a  different  kind.  Instead  of  lamp-black,  or  sublimed  charcoal, 
the  Frankfort  black  is  used,  which  is  a  residual  or  denser  chaiooal,  said  to  be  made 
from  Tine-twigs.  Lamp-black  is  said  to  give  a  defi;ree  of  toughness  to  the  ink,  which 
the  Frankfort  does  not ;  but  the  goodness  of  the  oou>ur  seems  to  be  the  leading  induce- 
ment for  the  use  of  the  latter. 

For  red,  blue,  and  yellow  printing  inks,  the  ordinary  linseed  oil  varmsh  is  not  venr 
veil  adapted,  as  its  brown  colour  impairs  the  brightness  of  the  tint.  A  good  varnish 
for  the  purpose  may  be  made  bv  mixing  copaiba  balsam  (previously  subjected  to  rapid 
boiling  with  water  for  several  hours  in  an  open  dish,  to  render  it  more  tenacious, 
and  diminish  the  unpleasant  odour)  with  m  to  ^  of  its  weight  of  pulverised  white 
cord  soaa  then  warm  the  mixture  a  litU^  and  incorporate  it  with  the  pi^ent 
preTioosly  rubbed  to  fine  powder  with  spirit  of  wine,  and  dried.  For  the  bght(*r 
colours,  it  is  beet  to  mix  very  deep-coloured  pigments  with  a  considerable  quantity  of 
carbonate  of  magnesia.    In  that  case,  light- coloured  linseed-oil  varnish  mixed  with  ^ 


chrome-yellow  and  a  large  quantity  of  magnesia,  or  ultramarine  with  chromate  of  sine, 
yields  a  fine  green.    Browns  are  obtained  with  bistre  and  sepia. 

Idtkom'ap&c  printing  ink  is  made  in  the  same  way  as  common  printing  ink.  but 
with  a  larger  proportion  of  lamp-black,  and  without  addition  of  soap.    (I^e  LrrHo- 

OBAPHT.) 

For  ftuther  details  on  printang  inks,  see  Handworterlmch  der  Chemie^  vil  888,  and 
IWs  Dictionary  of  Arts,  &c  iii  630. 

*  Tb«  dMrriptlon  of  tb«  proeeu  ftven  in  th«  text  li  taken  flrom  Ure*t  DieHomarp  qf  Cktmiahp  (3rd 
fd  ItSl).  H  r.  S  ST  a  ge  alio.  In  hU  work  oo  the  PrtparmUom  <f  Primttng Ink {hoadaa,  ISSI)  sayt  that 
good  Tarnlth  for  priotiof  ink  cannot  be  mad*  without  allowing  th«  oil  to  bum.  The  Oerroaa  practico 
apprart,  boverer,  to  be  tomewhat  dlflbrent ;  for  in  the  HamiwSrterhHek  dor  Ckemie  (Bd.  vii.  p.  991 )  It  it 
•tatfd  that  the  oil  should  bo  heated  only  till  the  rapour  which  ri»ei  from  it  can  be  set  on  Are  with  a  piece 
of  burning  paper,  but  will  ceaae  to  burn  of  Itaelf  after  a  little  while,  or  at  l«aftt  will  be  easily  eztinniuhed 
by  putting  on  the  corer ;  ftirther,  that  if  this  temperature  be  exceeded,  there  is  great  danger  of  the  oil 
getting  into  a  sute  of  violent  eombustloii,  which  cannot  be  extinguishea  even  by  covering  the  vessel,  and 
may  occasion  an  enormous  loss  of  oIL 

f  In  the  amm4w9nerkmek  4er  Ckrmie  (vU.  809)  It  Is  stated,  oo  the  cooUary.  that  ink  Ibr  copper-plate 
printing  is  nreparrd  with  the  thickest  llns«ed-oU  varnish,  which  has  been  allowed  to  bum. 
Vol.  III.  T 
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recrjfrtalliaation  (Scherer). — 2.  The  freBh-eh<^ped  tissue  is  oovered  wUh  water,  and 
nUowvd  to  stand  for  24  hours  in  a  oool  pUoe,  with  frequent  stirring ;  the  U<^uid  is 
then  separated,  and  the  residue  pressed ;  the  solution  is  heated  with  a  little  acetic  acid 
to  separate  albumim  and  h»matin«  then  strained,  evaporated  on  the  water-bath  to  one 
tenth,  precipitated  with  neutzal  acetate  of  lead,  and  filtf^^ ;  and  the  filtrate  is  mixed  with 
basic  acetate  of  lead,  whereupon  inosite  is  thrown  down  in  combination  with  oxide  of 
lead,  aeoumpanied  by  uric  aad,  cystine,  and  other  substances.  The  precipitate,  after 
washing  is  decompoeed  under  water  by  sulphydric  add,  and  the  liquid  filtered  from 
the  sulphide  of  lead ;  it  then  sometimes  deposits  crystals  of  uric  acid,  and  when 
eTaporated  to  a  small  bulk  on  the  water^bath,  and  mixed  with  alcohol  till  a  turbidity 
is  produced,  it  yields  crystals  of  inosite  ^Cloett  a).  Acetate  of  lead  may  also  be  added 
at  once  to  the  water  used  for  making  the  extract  (W.  Miiller). — 3.  The  liauid  frt>m 
which  the  inosite  is  to  be  separated  is  concentrated  by  eyaporation,  and  mixed,  boiling, 
with  three  or  four  measures  of  alcohol ;  if  a  large  precipitate,  which  sticks  to  the  bottom, 
is  thus  produced,  the  liquid  is  poured  off  hot ;  but  if  only  a  slight,  not  sticky  precipi- 
tate is  produced,  the  hot  solution  is  filtered  through  a  previoiuly  heated  fumel,  and 
left  to  stand  for  34  hours ;  dystals  of  inosite  are  then  deposited,  and  are  washed  with 
a  small  quantity  of  cold  alcohol  If  the  precipitate  caused  by  hot  alcohol  is  dissolved 
in  a  small  quantity  of  boiling  water,  and  treated  like  the  first  solution,  a  f^irther 
quantity  of  inosite  is  obtained.  In  case  no  inosite  separates  from  the  cooled  solution, 
the  ezTStallisation  may  be  fiunlitated  hj  addition  of  ether  until  a  turbidity  remains 
after  shaking     (Cooper  Lane,  Ann.  Ch.  Phann.  cxrii.  118.) 

From  kidnty  hean$  and  other  vegetabU  organs. — ^The  fhiit  cut  up  in  the  bean-mill  is 
hung  in  a  pressing  bsg  for  half  an  hour  in  boilinff  water,  or  in  steam,  whereby  it 
becOTies  possible  to  piess  it ;  the  expressed  liquid  as  uen  evaporated  to  a  syrup  on  a 
wster-batii,  and  alconol  is  added  till  a  permanent  turbidity  is  produced.  The  crystals 
which  form  are  purified  by  repeated  crystallisation  fh>m  water,  with  help  of  animal 
charcoal     (Vohl) 

Marm^  after  freeing  tlie  aqueous  extracts  of  the  plants  above  mentioned  from  every- 
thing precipitable  by  tannic  add  and  neutral  acetate  of  lead,  and  decolorisins  them  as 
completely  as  possible  with  milk  of  lime  or  animal  charcoal  predpitated  them  with 
basic  acetate  of  lead ;  mixed  the  filtrate  with  ammonia,  whereby  a  second  predpitate 
was  obtained ;  decomposed  both  predpitates  with  sulphydric  add ;  concentrated  the 
fihiate  on  the  water-Dath  till  it  became  turbid  on  addition  of  alcohol;  then  mixed  it 
with  a  double  Tolume  of  alcohol ;  warmed  the  liquid  till  it  became  dear ;  and  left  it  to 
itself  for  several  davs,  adding  a  little  ether  if  necessary,  as  in  Cooper  Lane's  method. 
The  sulphide  of  lead  sometimes  obstinately  retains  small  quantities  of  inosite,  which 
can  only  be  removed  by  boiling  with  water. 

Properties. — Inoeite  isdeposited  from  its  concentrated  aqueous  solution  in  crvstala 
containing  2  at  water,  CH!W)*.2HK).  According  to  Vohl,  the  crystals  are  tabular, 
like  those  of  gypsum ;  according  to  Scherer,  they  are  oblique  prisms,  arranged  for  the 
most  part  in  groups  like  caulifiower-heads ;  according  to  Cloetta,  they  are  right  rhombic 
piisms  with  angles  of  188*52o  and  41*8^.  Specific  gravity  »  11154  at  6^  (Vohl). 
In  dry  air,  in  Tacuo  over  sulphuric  add,  or  at  100^,  they  become  white  and  opaque,  and 
give  off  their  water,  leaving  anhydrous  inosite,  C^Hr,  as  a  white  effloresced  mass, 
which  melts  at  a  temperature  above  210°,  yielding  a  colourless  liquid,  which  solidifies 
in  the  crystalline  state  when  quickly  cooled,  and  to  an  amorphous  mass  when  cooled 
slowly,  but  does  not  lose  weight  or  undergo  further  alteration  (Scherer).  Anhydrous 
inosite  separates  in  white,  opaque  crystals  from  the  aqueous  solution  cooled  below  0^. 
(Vohl).     Inosite  has  a  pure  sweet  taste  and  no  rotatory  power. 

Hydrated  inosite  dissolves  in  6  pts.  water  at  19^  (Vohl),  in  6^  pts.  at  24^ 
(Cloetta).  The  concentrated  solution,  of  specific  gravity  1  *0548  at  1 9^,  is  not  syrupy 
and  not  subject  to  spontaneous  decomposition.  Liodte  is  slightly  soluble  in  cold 
aqueous  alcokolt  more  soluble  at  the  boiling  heat ;  insoluble  in  absolute  alcohol  and  in 
ftier, 

Inosite  does  not  combine  with  chloride  of  sodium  or  chloride  of  potassium,  these 
shIis  crystallising  out  unaltered  from  its  aoueous  solution.  The  aqueous  solution  forms, 
mirh  baste  acetate  of  lead,  a  predpitate  which  appears  to  contain  C^H'*0*.2PbK). 

Decompositions. — 1.  Alter  dehydrated  inosite  oas  been  melted  above  210°,  it  swells 
up  when  more  stron^y  heated,  and  evolves  gas  which  bums  with  a  pale  blue  fiame ;  it 
is  afterwards  charred,  and  then  bums  with  a  brightly  luminous  flame,  leaving  an  eadly 
combustible  cinder  (Scherer).  When  quickly  heated,  it  gives  off  vapours  which  exdte 
tears  and  produces  a  smell  of  burnt  sugar  (Vohl). — 2.  Aqueous  inosite  is  not  affected- 
b^  orone  (Oorup-Besanez,  Ann.  Ch.  Pharm.  ex.  103). — 3.  The  solution  of  inosite  in 
dilute  niiric  add  does  not  give  off  nitrous  acid  till  moderately  concentrated  ;  after  eva- 
poration to  dryness,  it  contains  oxalic  add  The  aqueous  solution  of  the  residue,  freed 
from  oxalic  acid  bv  carbonate  of  calcium,  deposits  on  standing  magniflccDt  puiple^red 
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dissolved  in  the  food,  and  their  Bubaequent  agglomeration  by  intestinal  mncos,  or 
runnd  a  foreign  body. 

A  third  kind  of  intestinal  ooneretion  consists  chiefly  of  undigested  residues  of  food; 
such  stones  hare  usually  a  woody  consistence*  and  are  formed  round  a  foreign  body. 
Langier  examined  a  concretion  of  this  kind  from  the  rectum  of  a  man ;  it  con- 
sisted of  a  nucleus  of  bone,  surrounded  by  interiaced  yegetable  fibres,  from  which 
wat^r  extracted  14  per  cent  of  animal  matter  baring  a  focal  odour,  together  with 
small  quantities  of  sal  ammoniac  and  chloride  of  calcium. 

Another  dass  of  intestinal  concretions  consists  of  fiitty  matters  mixed  with  small 
quantities  of  fibrin  and  calcium- salts.  Lassaigne  analysed  a  number  of  small 
concretions  of  this  kind  Toided  by  a  girl  sufivring  from  tuberculosis.  They  contained 
74  per  cent  fatty  matters  (for  the  most  part  free  fiittr  adds,  perhaps  oleic  and 
stearic),  21  animal  matter,  4  phosphate  of  caldnm,  and  1  cnloride  of  sodium. 

BexMT-stones  (L  684)  must  also  be  ch&ssed  amongst  intestinal  concretions.  (Hand- 
worterbuch  d.  Chem.  2te  Aufl.  ii  [3]  374.) 

SMTaSTOrAX  JUXCa.  The  mucous  secretion  of  the  pouch-like  glands  of  the 
intestinal  canal  (the  lieberkiihnian  glands  of  the  small  intestine  and  the  follicles  of 
the  colon).  When  viewed  by  the  microscope,  it  exhibits  granulated  cells  and  coil- 
nuclei,  and,  as  commonly  obtained,  likewise  small  quantities  of  fat  and  epithelium. 
When  filtered  from  these  matters,  it  forms  a  tolerably  dear,  mucous,  stron^fy  alkaline 
liquid,  which  does  not  coagulate  by  heat,  and  is  not  predpitated  by  acetic  add,  nor, 
when  mixed  with  that  add,  by  chloride  of  barium.  When  mixed,  howerer,  with  eight 
or  ten  times  its  volume  of  alcohol,  it  depomts  white  flocks,  which  dissolve  easily  Hnd 
completdy  in  water;  the  solution  thus  obtained  is  not  predpitated  by  hydrocmorie, 
sulphuric,  or  acetic  add,  or  by  mercuric  chloride,  but  gives  precipitates  with  the  neutral 
and  basic  acetates  of  lead. 

The  constituents  of  pure  intestinal  juice  are  the  same  as  those  of  mucus.  In  1,000 
pts.  of  the  filtered  intesUnal  juice  of  a  dog,  Schmidt  and  Zander  found  965*3  water, 
34*7  solid  matter,  9*6  punceratic  and  intestinal  ferments,  together  with  insoluble  salts, 
166  biliaiy  matters  (cholic,  taurocholic,  and  glycocholate  of  sodium),  6  3  taurine, 
0*7  fat,  3*7  extractive  matter,  0*15  potassium,  1*45  sodium,  2*11  chlorine,  0*03  phos- 
phoric anhydride,  0*06  earthy  phosphates.  In  the  intestinal  juice  from  the  upper  part 
of  the  colon  of  a  man,  Busch  found  from  3*8  to  7*4  per  cent. ;  Frerichs,  fix)m  2*2  to  5*6 
j>er  cent,  solid  matter. 

The  intestinal  juice  converts  starch  very  quickly  into  sugar,  and  digests  albuminous 
substances,  fiesh,  &c,  though  much  more  slowly  than  the  gastric  juice.  (Handwor- 
t«>rbuch  d.  Chem.  2te  Aufi.  ii  [3]  373.) 


C*H'*0*.  Helenin,  Alantin,^  MenyantMn,  Dahlin,  Sf/nantherin^ 
Siniitirin, — A  substance  isomeric  with,  and  similar  m  its  properties  to,  starch,  dis- 
covered by  Valentin  Rose  in  1804.  It  appears  to  be  a  very  widely  distributed  consti- 
tuent of  plants,  and  is  found  especially  in  the  roots  of  decampane  {IntUa  Helenium% 
dandelion  (  Tartutacum  dm*  Uonis\  chicoiy  ( Cichorium  Intj/busX  feverfew  (Jh/rethrum 
Parthfniwn\  and  meadow  safi&on  (^Colchicum  autumnaU);  in  the  tubers  of  the  potato, 
the  dahlia,  and  the  Jerusalem  artichoke  {Htlianthua  tubcrosu9\  in  Lerp-manna 
(from  Eucalyptus  dumosa\  and  probably  in  the  seeds  of  the  sun-flower  {HeUantkut 
amnuus),  and  in  certiun  lichens,  viz.  Lic/un/raxineus  and  Lichen  fastigiaius, 

l*rfparatwn. — a.  From  EUcampane-roois. — The  roots  are  boiled  with  a  large  quan- 
tity of  water,  the  decoction  is  evaporated,  the  extract  exhausted  with  cold  water,  and 
the  inulin  which  remains  undissolved  is  washed  (Gaultier,  Stratingh). — Or  the 
roots  are  exhausted  with  hot  water  in  a  percolating  apparatus ;  the  concentrated  effu- 
sion is  evaporated  to  10°  or  12^  Bm.  and  mixed  with  2  pts.  alcohol ;  and  the  inulin 
thereby  predpitated  is  purified  by  repredpitation  with  alcohol  from  its  concentrated 
solution,  and  decolorised  with  animal  charcoal  (T  hi  ban  It). — ^The  helenin  mixed  with 
inulin  prepared  from  elecampane-roots  is  extracted  by  boiling  with  alcohol. 
(Croockwit) 

b.  From  Potatoes  or  Dahlia-tubers. — 1.  The  pulverulent  deposit  which  separates  in 
the  cold  from  the  expressed  juice  of  potatoes  is  dissolved  in  hot  water,  ana  the  solu- 
tion is  filtered,  evaporated,  and  left  to  cool,  whereupon  it depodts inulin  (Braconnot). 
— 2.  The  nearly  transparent  juice  expressed  fiY>m  dahlia-tubers  is  left  to  stand  for 
some  hours,  whereupon  it  soUJifies,  from  separation  of  inulin,  to  a  stiff  paste,  which 
is  to  be  washed  and  dried  ^Ludwig,  N.  Br.  Arch.  82,  163).-^3.  Dahlia-tubers  rubbed 
to  a  pulp  are  washed  on  a  hair-sieve  in  a  thin  stream  of  water,  as  long  as  the  liquid 
continues  to  run  through  milky,  and  the  inulin  which  separates  from  it  on  standing  is 
collected  ;  or  in  case  it  is  slow  in  settline  down,  the  turbid  liquid  is  heated  till  it  boils, 
the  coagulated  vegetable  albumin  is  skimmed  ofi^  and  the  remaining  liquid  i^  left  tc 
cuul ;  it  then,  after  a  few  days,  deposits  a  thick  pulp  easy  to  wash  (Liebig,  Ann. 
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PhHrm.  2,  235). — i.  Dahlia-tubers  robbed  to  a  pulp  are  washed  with  eold  water  on  a 
linen  or  woollen  doth ;  the  residue  is  boiled  for  half-an-hour  with  2  pts.  watir  and  a 
small  quaatitj  of  chalk;  the  liquid  is  entressed;  the  extract,  after  being  deeokxiKd 
with  animal  charcoal  and  darifted  with  albumin,  is  evaporated  till  a  film  fbms  on  ^: 
and  the  inoUn  which  separates  on  cooling  is  washed  with  cold  water,  and  pvified  hj 
solution  in  hot  water  and  cooling.    (Pay en.) 

Pamell  uses  peded  and  washed  dahlia-tubers,  boils  them  for  an  hour  and  a  half 
with  6  pts.  of  water,  and  purifies  the  inulin  which  separates  from  the  eva|KKated 
extract  by  precipitating  its  aqueous  solution  with  alcohol.  CroockwitpBnftoatfae 
inulin  thus  obtained  by  boiling  it  with  alcohol 

e.  From  DanddUm-roots,  Obtained  in  the  same  way  as  from  dahlia-tubera.  (Witt- 
stein,  Eepert  71,  862;  Herberger,  Bepert  52,  399). 

d.  From  Chwory-roota,  The  aqueous  decoction  is  precipitated  by  neutral  acetate 
of  lead ;  the  filtrate  freed  horn,  lead  is  evaporated  till  a  film  forms  on  the  smftoe; 
and  the  inulin  which  separates  from  it  is  purified  by  predpitati|ig  its  aqueous  sohtioa 
withalcohoL    (Woskresensky.) 

e.  From  Lerp-^nanna,  The  substance  is  exhausted  with  boiling  alcohol ;  the  residw, 
consisting  of  starch,  cellulose  and  inulin,  is  well  boiled  with  water,  and  the  inoHi, 
which  separates  frt>m  the  filtered  extract  on  cooling,  ia  collected  and  washed  tiU  the 
wash-water  no  longer  exhibits  the  reactions  of  starc£    (Anderson.) 

Properties. — Inulin  is  a  soft,  white,  tastdess,  inodorous  powder,  resembling  starck 
When  dried  on  glass  or  porcelain,  it  forms  a  translucent,  bnttle,  dazding  white  mais, 
which  swells  up  in  water.  Specific  eravity  «  1356  (Pay  en),  1*462  (Dnbrao- 
f  aut).  It  is  veiy  hygroscopic,  and  sti<£s  to  the  teeth  and  to  moist  paper.  It  exhibiu 
IsBvo-rotatory  power  —  34^  42'.    (Dubrunfaut^  Compt  rend.  xlii.  803.) 

Most  of  tne  analyses  which  have  been  made  of  inulin  agree  nearly  with  the  he- 
mula  C*H'*0*.  Woskresensky,  however  (J.  pr.  Chem.  xxxvii  809)  ohtaiDed 
quantities  of  carbon  and  hydrogen  much  too  laiffe  for  this  formula:  he  acooidiDg|j 
represents  inulin  by  the  formula  C**B^*0**  (or  C^H'K)**),  and  supposes  that  the  imliii 
axudysed  by  other  chemists  must  have  undergone  putial  oxidation ;  but  the  sor 
accordance  of  most  of  these  andyses  renders  this  view  improbable. 

Pajen,  Mulder,  PknielL 

Calcalatioo.  at  18<P.        at  170°.        at  IVP.       at  IKP.      alr-dried. 

a.  b.  c.  4. 


6  6        Tn        44-44        44-55        4419        4418        43-8  4337 

10  H       .10  617  612  617  619  62  640 

5  0        .80        49-89        49-33        49-64        49-68        500  5023 


OH'K)*  162       100-00       100-00       10000       10000       1000         100-00 

Croockwlt.  WoakraMiMkv,  Andertoo,  Dubraofknc, 

'at  ISO''— 160°.  at  100°~1«A  at  IdQP.  at  lOflP. 

/.                   #.  A.                    i.                   k.  L 

G         .    43-37          43-48  5218          49*59          44-03  44*32 

H         .      6*23            6-25  6*86            6*86            6*30  6*19 

0         .    50*49          50-27  40-96          43-55  49*67  49*49 

100-00         10000  100-00        10000  100.00  100-00 

a,  5,  from  Iceland  moss ;  e,  friom  danddion-root ;  <f,  from  elecampane-root ;  e,  /  g, 
fixmi  dahlia-tubers ;  k,  from  diicoxy-roots ;  t,  friom  dandelion-roots  (partially  oxidised); 
ky  fcom  lerp-manna. 

Inulin,  immersed  in  cold  water,  or  exposed  to  moist  air,  absorbs  water,  and  crumUn 
to  a  dull-looking  powder,  cowasiijigciiydrated  inuiin,  C*'H*0".3H*0. 

Inulin  dissolves  very  sparingly  in  cdd  water,  freeLj  in  boiling  water,  hot  the 
solution  does  not  form  a  jelly  like  that  of  starch ;  it  is  insoluble  in  alcohol,  which  abo 
predpitates  it  fix>m  its  lu^ueous  solution.  It  dissdves  with  brown  colour  in  strong  W* 
^hune  acid,  and  is  predpitated  therefrom  by  ammonia,  but  not  by  water  or  dcohoL  It 
18  insoluble  in  hfdrochlorio  acid,  and  in  cold  gladd  acttio  ado,  but  dissolves  ia  the 
latter  when  warmed.  The  aoueous  solution  is  not  predpitated  by  ehlorine-waUr,  bat 
forms  a  white  predpitate  with  if^funon  of  galls, 

Inulin  absoihs  8  per  cent  ammonia,  and  dissolves  in  cold  aqueous  potash^  fornuD|  a 
solution  iriiich  leaves  on  evaporation  a  nearly  colourless  gum,  and  idien  mixed  with 
adds,  depodts,  after  a  while,  undtered  inulin. 

Inulin  dissolves  in  aqueous  cuprammonia  (an  ammoniacd  solution  of  cupric  odM 
without  previous  tumefaction  (Cramer,  J.  pr.  Chem.  Ixxiii.  16),  the  solution  yieldiiig 
after  a  few  hours,  a  copious  blue  amorphous  predpitate,  insoluble  in  water  and  in  am- 
monia, soluble  in  tartaric  and  nitric  acids  (Schlossberger,  J.  pr.  Chem.  Ixxiii.  373). 
1 1  dissolves  graduallv in  aqueous  rUckd-ammonia.    (Schlossberger.) 

The  aqueous  solution  of  inulin  forms  a  white  predpitate  with  baryta-water,  and  viib 
chloride  of  barium  mixed  with  potash. 
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It  doM  not  prertpitnte  aqneoua  acekiU  of  lead,  either  neutral  or  biisic,  but  with  a 
^>!utioD  of  the  nentral  acetate  contaimn^  ammonia,  it  forms  a  white  precipitate  con- 
taining quantities  of  lead-oodde  varying  in  amount  from  51*23  to  62*43  per  cent.  It  ia 
not  precipitated  hj/errotu,  ferric^  or  cwpric  xtc/phatr,  mercuric  nitrate^  nitrate  of  siltKr, 
or  Moridt  of^old. 

DaeompoaiUons, — 1.  Inulin  heated  above  100^  melts,  with  coloaring  and  loss  of 
iveight^  and  ia  oonverted  into  a  pitchy,  sweetish  substance,  veiy  soluble  in  water 
(Br  aeon  not),  insoluble  in  water  and  in  alcohol  (Pa  yen).  By  dry  distillation  it 
yields  acetic  acid,  having  a  brown  colour,  but  free  from  oily  matter.  When  thrown  oil 
glowing  coals,  it  emits  the  odour  of  burnt  sugar. — 2.  Heated  with  water  to  100°  it  is 
slowly  but  completely  convertiwl  into  non-crystallisable,  Isevo-rotatoir,  fermentable 
sugar. — 3.  By  boiling  with  nitric  acid,  inulin  is  converted  into  malic,  oxalic,  and 
acetic  acids,  but  not  into  mucic  acid.  Its  solution  in  fuming  nitric  acid  is  not  pre- 
cipitated bv  water. — 4.  When  heated  with  strong  sulphuric  acid^  it  turns  yellow,  then 
brown,  and  is  ultimately  carbonised.  —6.  By  dilute  acids,  either  hot  or  cold,  inulin  is 
converted  into  sugar,  without  evolution  or  absorption  of  gas. — 6.  Aqueous  arsenic  aeid 
dissolves  inulin,  with  aid  of  heat ;  after  continued  action,  the  cooled  solution  no  longer 
deposits  inulin,  but  leaves,  on  evaporation,  a  rose-coloured  mass,  which  afterwards  be- 
comes darker,  and  finally  black,  grape-su^  being  first  formed,  afterwards  formic  and 
Tilmic  acids. — 7.  Oxide  of  lead  converts  inulin  wholly  or  partially  into  glucic  acid, 
which,  if  afterwards  exposed  to  the  air,  is  changed  into  apoglucic  acid.  A  warm 
aoueous  solution  of  inubn  reduces  other  salts  of  lead,  also  those  of  copper  and  silver. 
When  an  ammoniacal  solution  of  acetate  of  lead  is  precipitated  by  aqueous  inulin,  the 
filtrate  separated  from  the  white  precipitate  deposits  spangles  of  lead  after  a  few  hours, 
and  contains  formic  acid. — 8.  Inulin  is  not  fermentethle.  Neither  its  rotatonr  power 
nor  any  of  its  other  properties  is  altered  by  diastase. — 9.  It  is  digested  in  the 
stomach,  and  does  not  pass,  as  inulin,  either  into  the  urine  or  into  the  £aBces. 

Inulin  is  distinguished  from  starch  by  its  reaction  with  iodine^  which  imparts  to  it 
only  a  fugitive  brown  colour ;  by  its  solubility  in  aqueous  cuprammonia,  by  its  power 
of  reducing  certain  metals  from  their  solutions ;  and  by  its  inalterability  under  the 
influence  of  ferments.  

C»H»IO«  -  ^'^^|0.  (Perkin   and   Duppa,    PhiL 

Hag.  [4]  xviiL  54.) — This  aeid  is  obtained,  as  an  ethyl-compound,  by  the  action  o^ 
iodide  of  potassium  on  bromacetate  of  ethyl  diluted  with  three  measures  of  alcohol, 
the  mixture  being  digested  at  40°  in  the  dark  for  about  two  hours,  and  the  iodacetic 
ether  then  distilled  off.  To  obtain  the  free  acid,  the  ether  is  converted  into  a  barium- 
salt  by  digestion  with  hydrate  of  barium ;  this  salt  is  decomposed  by  cautious  addition 
of  sulphunc  acid ;  and  the  filtrate  is  crystallised  in  a  vacuuuL 

lodaeetie  acid  forms  thin,  tough,  colourless,  rhombohedral  plates,  having  a  ver^  sour 
taste,  and  not  deliquescent  It  melts  at  82°,  with  slight  decomposition,  and  solid itit's 
again  at  86°.  It  is  decomposed,  like  bromacetic  add,  by  moist  oxide  of  silver,  with 
formation  of  glycollic  acid : 

C»H«IO«  +  AgHO     -     Agl  +  C«H*0«. 

loiacetate  of  Ammonium  is  very  soluble,  crystalline,  and  non-deliquescent.  The 
po^ossmm-salt  exhibits  similar  properties.  The  harium-wlt,  C^-IBaO*,  is  ciys- 
talline,  moderately  soluble  in  water,  and  precipitated  by  alcohol.  The  lead-salt 
erystallises  in  prisms,  but  easily  splits  up  in  solution  into  iodide  of  lead  and  glycollic 
•eid: 

C«H«IPbO«  +  HK)     -    Pbl  +   C«H*0«. 

lodaceUUe  of  Ethyl  is  an  oily  liquid,  heavier  than  water,  and  having  a  very  irritating 
odour.  lodacetate  of  Amyl  is  oily,  heavier  than  water,  has  the  odour  of  pears,  and  gives 
off  an  initating  vapour. 

]H-tod«oetle  Aeid.  C^*PO^  (Perkin  and  Duppa,  Chem.  Soc.  Qu.  J.  xiil  1.) 
— The  ethyl-compound  of  this  acid,  obtained  by  acting  on  dibromacetate  of  ethyl 
with  iodide  of  potassium,  is  converted  into  a  calcium-salt  by  means  of  milk  of  lime  ; 
the  caldum-salt  is  decomposed  by  hydrochloric  acid,  avoiding  an  excess;  and  the 
solution  is  left  to  crystallise.  The  acid  is  thus  obtained  as  a  beautifully  crystalline 
sulphur-yellow  compound,  volatile  at  ordinary  temperatures,  and  slightly  soluble  in 
water.  It  has  a  faintly  acid  taste,  with  metallic  after-taste.  It  does  not  blister  the 
skin. 

The  di-iodaeetates  are  slightly  yellow,  crystalline,  and  permanent,  excepting  the 
potassium  and  sodium-salts,  which  are  deliqueHceut.  The  ^^ri um-salt^  CHIfBaO^ 
forms  rhombohedral  crystals,  which  give  off  iodine  when  heated.  The  caJn'um-ealt 
forms  yellow  silky  needles,  also  decomposed  by  heat.     The  lead-snii,  C»H-lPbO«,  is 
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NP  +  3HC1 

-     3IC1  +  NH« 

NHP  +   2Ha 

-     2IC1  +  NH« 

NH*I  +    Ha 

-      la  +  NH» 

NOT   +  NH"  +     Ha 

-       la  ^^2NH« 

lODAMIDES.  281 

6in«av  (ibid,  [3]  xr.  71)»  by  determiniiig  the qiiAntitiefl  of  hvdriodie  scid«  ammonia, 
and  nitrogmi  prodnc<Kl  in  its  decomposition  by  sulphydrie  acid,  was  led  to  adopt  th« 
fonnula.  NHP,  which  is  that  of  di-iodamide: 

NHP  +   2H«S     -    NH*I  +  HI  +  8». 

Oladstone  (Chem.  Soe.  Qn.  J.  ir.  34)  takea  the  same  yiew  of  its  oonstitation.    By 
decomposing  with  sulphydrie  acid,  the  compound  produced  by  the  action  of  ammonia 
on  an  alcoholic  solution  of  iodine,  he  finds  that  it  contains  2  at^  iodine  to  1  at.  nitrogen, 
while  its  decomposition  by  aqueous  snlphnrons  add  is  represented  by  the  equation : 
NHP  +  2SHK)»  +  2H«0     -     NH«I  4   HI  +  2SH>0*. 

He  also  finds  that  the  formula  NHI*  is  in  Accordance  with  the  formation  of  the  com- 
pound b^  the  action  of  hypochlorite  of  calcium  or  iodide  of  ammonium  (obeerred  by 
Flay  fair),  that  reaction  being  attended  with  cTolution  of  ammonia,  according  to  the 
equation: 

CaClK)*  +  2NH*I  -  NHI«  +  CaQ*  +  2HK)  +  NH», 

Bun  sen  (Ann.  Ch.  Fharm.  baxiv.  1)  has  also  examined  the  constitution  of 
iodide  of  nitroffen,  and  arriyed  at  dififerent  conclusions.  He  obserree  that  the  mode  of 
formation  of  toe  eiplosive  compound  from  iodine  and  ammonia,  with  hydriodic 
add  as  the  only  seoondaiyproduct,  shows  that  it  must  be  a  substitution-product  of  am- 
monia, of  the  iorm  NX',  NUl*  or  NH%  assodated  at  most  with  ammonia  and  hydriodic 
add ;  2.  That  it  cannot  contain  hydriodic  add,  because  it  dissoWes  in  hydrochloric 
add  without  evolution  of  g^  and  forms  a  nolution  containing  ammonia  and  protochlo- 
ride  of  iodine,  but  no  hydriodic  add ;  3.  That,  to  determine  its  compodtion,  it  is  suffi- 
dent  to  ascivtain  how  much  ICl  and  how  much  NH*  it  yidds  with  hydrochloric  add, 
ud  to  see  which  of  the  following  equations  agrees  with  the  results: 

.  .  .  (b) 
.  .  .  (c) 
.    .    .     W 

Prpparatioiis  obtained  by  mixing  cold  and  more  or  less  saturated  anhydrous  alcoholic 
eolations  of  iodine  and  ammonia,  which  were  not  decomposed  by  washing  with  absolute 
akobol,  gaye,  when  dissolyed  in  hydrochloric  add,  quantities  of  ammonia,  iodine,  and 
chlorine,  in  the  atomic  proportion  of  2  :  3  :  3,  showing  that  the  constitution  of  the 
compound  thus  formed  was  AP.NH*.  A  preparation  obtained  by  adding  ammonia  to  a 
solution  of  iodine  in  nitro-muriatic  add  diluted  with  water,  and  washra  as  quickly  as 
possible  with  cold  water,  gaye,  with  hydrochloric  add,  quantities  of  ammonia  and  pro- 
tochloride  of  iodine  in  the  atomic  proportion  of  6  :  12,  showing  that  its  formula  was 
4NP.NH*.  When  washed  with  water  for  any  length  <^  time,  eyen  till  the  greater  part 
of  the  compound  was  decomposed,  with  separation  of  iodine  and  nitrogen,  the  unde- 
composed  portion  still  yielded  more  than  1  at  ammonia  to  3  at  chloride  of  iodine,  a 
proof  that  Mnmonia  entered  essentially  into  its  constitution.  Bunsen  is  of  opinion  that 
there  exist  two  distinct  compounds,  NPJ^H*  and  4NP.NH*,  formed  in  the  manuAr 
•hown  by  the  equations, 

2NH»  +  61     -     NP.NH«  +  3HI 
8(NP.NH«)  +   »HH)     -    2(4NP.NH«)  +   3(NH*)H). 

The  formation  of  the  so-called  iodide  of  nitrogen  by  the  action  of  ammonia  on  a  solu- 
tion of  iodine  in  nitro-muriatic  add,  would  be  inconsistent  with  this  yiew,  if  that 
■olotion  contained,  not  ICl,  but,  as  is  sometimes  supposed,  ICl',  because  NP  could  not 
be  formed  from  the  latter.  Bunsen  has,  howeyer,  shown  that  the  solution  of  iodine  in 
nitro-muriatic  acid  contains  only  ICL  The  formation  of  the  explodye  compound  fiiDm 
ICl  is  explained  by  the  equation, 

2NH»  +   3IC1     -     (NI».NH«)   +   8Ha 

The  immediate  products  of  its  explosion  aro  nitrogen  and  hydriodic  add: 

NP  Jra»  -  N«  +   3HL 

which  latter  is,  for  the  most  part,  resolyed  by  the  high  temperaturo  into  iodine  and 
hydrogen,  while  another  portion  unites  with  the  ammonia  of  the  compound,  forming 
iodide  of  ammonium,  thereby  setting  free  quantities  of  iodine  and  nitrogen  equiyalent 
to  this  ammonia. 

The  compound  obtained  by  Bineau  and  b^  Gladstone,  vU.  di-iodamide  NHI',  is 
intermediate  between  the  two  compounds  obtained  by  Bunsen : 

mnm*  +   N«I"H»     -     9NHI* 
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korOatnrie  (Cham.  Soc.  J.  zri.  289^  is  obteined:  1.  By  adding  finely-powderKl 
iodine  to  a  Minnted  Holiition  of  nitmte  or  carbonate  of  ammonia  mixed  with  abont 
one-thiid  of  an  e^niTalent  qnmtitj  of  potash.  The  iodine  immedu^j  Uqnefies,  with- 
out perceptible  nae  of  temperature,  and  nnitea  with  the  elements  of  the  ammonia, 
fianiing  a  fm  mobile  brownish-black  liquul,  while  the  supematant  solution  remains 
eokmrleos.  The  iodide  of  iodammoniom  is  separated  by  a  pipette  from  the  saline 
lolntioD. — 2.  A  similar,  and  probably  identical  liqnid  is  obtained  by  adding  to  the 
solntioD  of  nitrate  of  ammonia,  mixed  with  potash,  a  saturated  solution  of  iodine  in 
aqueous  iodide  of  potassium. 

Iodide  of  iodammonium  dissoWes  in  ether,  alcohol,  chloroform,  sulphide  of  carbon, 
and  aqueous  iodide  of  potassium.  When  heated,  it  is  partly  resolved  into  iodine,  and 
an  iodiferous  liquid,  which  may  be  distilled  without  decomposition,  and  is  probably 
Millon's  or  Bineau's  "  iodide  of  ammonia." 

NH»P    -    I    +    NH«I. 
3NH»P    -    I*   +    3NHM«. 

EiqxMed  in  the  dry  state  to  the  air,  it  decomposes  ipontaneously  into  ammonia 
and  iodine,  no  permanent  gas  bein^  erolved.  On  agitatuig  it  in  a  eudiometer-tube 
with  mercury,  iodide  of  mercury  is  formed,  and  the  mercury  is  depressed  by  the 
liberated  ammonia,  which  latter  is  completely  absorbed  by  water : 

NH»I«  +  Hg  -  NH»  +  Hgl«. 

It  is  decomposed  by  water,  colouring  the  water  reddish-brown,  from  separation  ot 
iodine,  erolying  nitrogen  gas,  and  yi^ding  a  residue  of  di-iodamide,  whidi  explodes 
Bpontaneoosly  under  water : 

4NffP  +  BPO  -  2NHI*  +  2NH«I  +  2HI  +H«0  -  N«  +  4HI  +  P +,2NH*I  +  H»0 
The  lonnatioii  of  the  di-iodamide  is  more  rapid  than  ita  decomposition,  so  that  some 
of  it  is  left  after  the  orimnal  compound  is  broken  up. 

The  caustic  aUkaUs  effect  the  same  decomposition  as  water,  but  more  quickly,  on 
account  of  the  greater  affinity  of  their  metals  for  iodine. 
Jcid$  detarmine  the  formation  of  ammonia,  «.  g, : 

NH»I«  +  Ha        -    NH«a         +  P. 
NH»I«  +  R'SO*     -     (NH*)=«0*  +  P. 
A  portion  of  the  compound  prepared  by  the  first  method  (p.  282)  and  decomposed 
in  this  way  by  dilute  sulphuric  acid,  yielded  in  one  experiment  5*92  per  cent  NH*  and 
93-47 1,  in  another,  6-69  NH»  to  6304 1,  the  formula  requiring  627  NH'to  9373  I.  On 
submitting  the  compound  to  fructional  solution  with  chloroform,  the  residue  was  found 
to  have  exactly  the  same  composition  as  the  original  substance,  showing  that  the  sub- 
stance operated  on  was  a  definite  compound,  and  not  a  mixture  of  two  or  more. 
lOVZm.    (See  p.  282.) 

Sth.  with  loDOPHBMTuaaHB.    See  PHnnrLAioMB. 
IOHAVXSXC  AOZB.    CEPIO*.    Produced,  together  with  hydriodate  of  oxani- 
samic  add,  by  the  action  of  hydriodic  acid  on  diazoanis-oxanisamic  acid : 

C^«N«0'.C«H»NO«  +  2HI     -     C"H»N0«.HI  +  CH10*  +  N« 

rHifffttn1*-AiT*"^**"''*  Hydriodate  of  lodanitic 

add.  oxaoisiunic  acid, 

ackt 

It  Ibnns  white  needles,  insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether. 

Thenlvtr-talt  is  a  white  amorphous  precipitate.   (P.  Griess,  Proc  Boy.  Soc  x.  309 ; 

Jahresber.  1869,  p.  466.) 

ZOBJLKSavzoini  ACZB.    See  Asaunc  Oxtiodidb  of  (i.  886). 

lOBATBB.    See  Iodoib,  Oxtohn-acids  of. 

lOBAinULTBS.    See  Gold,  Iodides  or  (ii  929). 

lOBBTKT&Aanwa.    See  ETHTLAMnn  (ii.  538). 

lOBBTBTXan.    See  Ethtlbnb,  Iooatxd  (11  579). 

lOBBYBBXC  AOZB.    See  Iodidb  of  Htdbogkt  (p.  284). 

ZOBnBSZm.  Compounds  derived  from  glycerin  or  from  glycide  (il  896),  by 
assumption  of  the  elements  of  hydriodic  acid  and  elimination  of  water.  Only  two  have 
hitherto  been  obtained ;  both  of  which  are  glycidic  ethers,  viz. : — 

lodhydroglycide  or  Epi-iodhydrin       .        .  C%*|^   «     CHW  +  HI  -  2H^0. 
lodhydrodiglycide  (Berthelot's  lodhydrin)  ^^*^'|o»-  2C»HH)»  +  HI  -  3H»0. 
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colonrvd.  Their  specific  gravitj  is  often  lower  than  the  mean  8pfK*ific  graTity  of  their 
rfinKtitaenta :  eneh  is  the  case  with  the  iodides  of  potassium,  Itad,  copper,  and  silver. 
(Bonllaj.) 

But  few  metallic  iodides  are  decomposed  by  heat  alone ;  the  iodides  of  gold,  silver, 
platinnm,  and  palladium,  howerer,  give  up  their  iodine  when  heated.  Most  metallic 
iodides  when  ignited  in  o^n  vessels,  so  that  the  air  has  excess  to  them,  give  up  their 
iodine,  and  are  oonTerted  mto  oxides ;  such,  howerer,  is  not  the  case  witii  the  iodides 
of  potassium,  sodium,  bismuth,  and  lead.  Chlorine,  at  red  heat,  decomposes  the  me- 
tallic iodides,  converting  them  into  chlorides,  and  either  setting  the  iodine  free  or  form- 
ing chloride  of  iodine.  Bromine  i^cts  in  a  similar  manner.  Chlorine-water  likewise 
liberates  Uie  iodine.  Hydrocklorie  acid  gas  decomposes  metallic  iodides  at  a  red  heat, 
forming  hydriodic  acid  gas  and  a  metallic  chloride.  Concentrated  euiphuric  and  nitric 
acid  and  likewise  acid  sulphate  of  potaseium  decompose  all  metallic  iodides  on  the 
application  of  heat,  the  products  being  iodine,  which  escapes  in  violet  vapours  (which 
giTe  a  blue  colour  to  papff  moistened  with  starch),  and  a  sulphate  or  nitrate  of  the 
corresponding  metal  When  this  change  is  product  by  nitric  add,  pernitric  oxide  is 
formea  at  the  same  time ;  sulphuric  acid  and  acid  sulphate  of  potassium  evohre  sulphu- 
rous anhydride,  sometimes  also  sulphydric  acid.  Sulphuric  acid  or  acid  sulphate  of 
potassium  with  peroxide  of  manganese,  peroxide  of  lead,  or  chromate  of  potassium, 

C*iices  the  same  decomposition,  but  without  evolution  of  sulphurous  anhydride.  A 
of  microcosmic  salt  saturated  with  oxide  of  copper  communicates  a  beautiful 
men  colour  to  the  blow-pipe  flame  on  the  addition  of  a  metallic  iodide  (Berselius). 
Metallic  iodides  agitatea  with  sulphuric  acid  and  sulphide  of  carboHj  oommunicHte 
an  amethyst-red  tint  to  the  Utter. 

Very  few  metallic  iodides  remain  unaltered  in  contact  with  water:  such,  however,  is 
the  case  with  the  iodides  of  bismuth,  lead,  copper,  and  several  of  the  noble  metals. 
Some  of  them  are  converted  by  water  into  an  oxide,  which  is  precipitated,  and  hydri- 
odic acid  which  dissolves  in  the  water  (iodide  of  tin) :  or  into  a  precipitated  compound 
of  iodide  and  oxide  of  the  metal,  and  a  solution  of  the  iodide  in  aqueous  hydriodic  acid 
(the  iodides  of  antimony  and  tellurium).  Most  metallic  iodides  are  perfectly  soluble 
in  water  ;  and  the  solution  may  be  regarded  as  containing  either  the  unaltered  iodide, 
or  a  hydriodnte  of  the  oxide  formed  by  double  decomposition  (e.y.  the  iodides  of  the 
alkali*  metals,  iron,  nickel,  cobalt,  &c.). 

The  soluble  iodides  are  extremely  poisonous.  When  evaporated  out  of  contact  of  air, 
they  generally  leave  anhydrous  metallic  iodides,  which  partly  separate  in  tlie 
crystalline  form  before  the  water  is  wholly  driven  off.  The  earthy  hydriodates, 
hovever,  are  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydriodic  acid, 
vhich  escapes.  A  very  small  quantity  of  chlorine  colours  the  solution  yellow  or 
brown,  by  partial  decomposition;  and  a  somewhat  larger  quantity  takes  up  the 
whole  of  the  metal,  forming  a  chloride  (or  hydrochlorate),  and  separates  the  iodine, 
which  then  gives  a  blue  colour  with  starch ;  a  still  lar^  quantity  of  chlorine  gives 
the  liquid  a  paler  colour,  and  converts  the  separated  iodine  into  trichloride  of  iodine, 
which  does  not  give  a  blue  colour  with  starch,  and  freouently  enters  into  combination 
with  the  chloride  produced.  Strong  sulphuric  acid  ana  somewhat  concentrated  nitric 
ecid  colour  the  solution  yellow  or  brown ;  and  if  the  quantity  of  the  iodide  is  large, 
and  the  solution  much  concentrated  or  heated,  they  liberate  iodine,  which  partly 
wcapes  in  violet  vapours.  Starch  mixed  witb  the  solution,  even  if  it  be  very  dilute, 
is  turned  blue—permanently,  when  the  decomposition  is  effected  by  sulphuric  acid; 
for  a  time  only  when  it  is  effected  by  nitric  aad,  especially  if  that  acid  be  added  in 
large  quantity.  If  the  sulphuric  acid  contains  sulphurous  acid,  which  is  very  likely 
to  be  the  case  with  fuming  oil  of  vitriol,  it  does  not  produce  the  blue  colour,  even  when 
added  in  krge  excess.  If  a  liquid  in  which  iodine  is  present  (urine,  for  example) 
contains  much  organic  matter,  which  may  decompose  the  sulphuric  acid  and  form 
anlphurons  acid,  it  will  not  produce  the  blue  colour  with  starch  and  sulphuric  acid 
wdess  it  be  diluted  with  water  (Dupasquier,  J.  Pharm.  28,  218).  If  the  solution 
likewise  contains  a  salt  of  iodic  acid,  most  acids  produce  a  brown  colour  and  separate 
iodme;  because,  by  virtue  of  their  afl&nity  for  the  base  of  the  iodate,  Aey  facilitate  the 
mntual  decomposition  of  the  hydriodic  and  iodic  add :  IHO»  +  6HI  -  3H*0  -t-  31*. 
The  separation  of  iodine,  and  the  blueing  of  the  starch  likewise  takes  plac«  on  adding 
hydrochloric  acid  to  the  solution,  together  with  a  stannic,  ferric,  or  cupric  salt,  or  a 
■alt  of  chromic  acid.  Also,  if  the  solution  of  the  iodide  be  covered  with  gelatinous 
starch,  the  negative  pole  of  a  small  voltaic  battery  immersed  in  the  former,  and  the 
positive  pole  in  the  latter,  the  starch  is  turned  blue  in  the  neighbourhood  of  the  positive 
^ire,  even  if  the  solution  contains  a  much  larger  quantity  of  bromide  or  chloride  than 
of  iodide  (Steinberg,  J.  pr.  Chem.  xxv.  288).  If  the  aqueous  solution  of  a  metallic 
iodide  contains  only  yjji  part  of  iodine,  it  gives  a  strong  blue  colour  with  dilute 
geUtinous  starch,  on    the  addition  of  aqua-rpgia :  with  t^o.o^  P**rt  of  iodine,   the 
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procipitate  is  riolet ;  with  sv^^si^c,  rose-oolonred ;  and  with  i^s^ssi  ^  P*^^  roee-eokm  b 
produced  after  the  hipee  of  a  few  hours  (Harting,  J.  piTCbeiii.  zxiL  46^  If  the 
solution  likewise  contains  a  laige  quantity  of  metallic  chloride,  the  blueing  of  the  sUrck 
is  not  readily  produced  by  the  addition  of  nitric  add,  in  oonseqnenoe  of  the  fhrmatina 
of  chloride  of  iodine :  in  this  case,  a  solution  of  starch  in  boiling  dilute  sulphuric  add 
may  be  added  to  the  solution  of  the  iodide,  and  then  a  Tery  small  quAntity  of 
chlorine  water,  the  li(|uid  being  stirred  at  the  same  time.    (Berzelius.) 

The  aqueous  solution  of  an  iodide  KJTes  a  brown  precipitate  with  salts  of  kU- 
muth  ;  orange-yellow  with  lead'-saiU ;  dirty- white  with  cuprous  salts,  and  also  wish 
cupric  salts,  espedalljr  on  the  addition  of  sulphurous  add ;  greenish-yeUov  with  wan- 
curous  salts ;  scarlet  with  mercuric  salts ;  yellowish-white  with  M/B^r-saits ;  lemon-yeflov 
with  gold-BaXXM;  brown  with  platimc  salts,  first  however  turning  the  liquid  dark  fain>vii- 
red ;  and  black  with  salts  of  palladium,  even  when  extremely  dilute.  All  theee  preci- 
pitates consist  of  metallic  iodides,  many  of  them  soluble  in  excess  of  the  solaUe 
iodide :  the  silver  predpitate  is  insoluble  in  nitric  add  and  veiy  little  soluble  is 
ammonia. 

When  iodine  is  added  to  an  aqueous  solution  of  a  salt  of  hydriodic  add,  the  liquid 
takes  up  an  additional  quanti^  of  iodine,  equal,  according  to  Baup  (J.  Pfaam. 
ix.  46)  to  that  which  it  abneady  contains.  It  thereby  acquires  a  dark-brown  eoloor, 
and  is  supposed  by  some  chemists  to  contain  a  metauie  ^viodide  or  a  salt  of  k^n- 
odous  acta;  but  the  affinity  by  which  the  iodine  is  retained  is  very  feeble. 

Many  metallic  iodides  absorb  ammania  in  definite  proportions,  forming  compound* 
which  may  be  regarded  as  iodides  of  ammonium-molecules,  having  part  of  the  hy- 
drogen replaced  by  a  metal. 

Some  of  these  compounds  unite  with  the  oxides  of  the  corresponding  m^tRy  fSotamf 
oxyiodides,  e^.  antimony  and  tellurium. 

Metallic  iodides  also  unite  with  one  another,  forming  double  iodides  or  iodioe- 
salts. 

ZOBIBBSt  OSOAWZC.  1.  Acid, — ^The  iodides  of  add  organic  mdicles  have  not 
been  much  studied.  Iodide  of  acetyl,  U=HK)I,  is  obtained  by  the  action  of  iodide  of 
phosphorus  on  acetate  of  potassium  or  acetic  anhydride ;  and  iodide  of  benzoyl,  (TH^OI. 
by  the  action  of  iodide  of  potassium  on  chloride  of  benzoyl.  These  acid  iodides  re- 
semble the  corresponding  cnlorides,  but  are  much  more  easily  deoomposible. 

2.  Alcoholic  Iodides,  lodkydric  or  Hydriodic  ethers,^Tht  monatomie  aloobohe 
iodides  are  produced  by  the  action  of  hydriodic  add,  or  iodide  of  phosphorus,  on  the 
corresponding  alcohols,  and  by  that  of  hydriodic  add  on  the  corresponding  *li'***— «^ 
hydrocarbons,  e^,  iodide  of  amyl,  C*H"I,  from  amylene,  C»H**,  and  hydriodic  add. 
It  is  doubtful,  nowever,  whether  the  iodides  obtained  by  this  last  process  are  rptlly 
identical,  or  onl^  isomeric  with  those  obtained  from  the  alcohols  (p.  286). 

The  monatomie  alcoholic  iodides  are  less  stable  than  oorresponmng  chlorides,  soime> 
time  decomponng  under  the  infiuence  of  light,  into  the  alcohol-radide  and  free  iodine, 
e.g.  iodide  <^  ethvL 

Heated  in  sealed  tubes  with  certain  metals,  viz.  zinc,  potassium,  or  sodiuwi,  they 
yield  a  metallic  iodide  and  the  alcohol-radide :  e.g,  sine  with  iodide  of  ethyl ;  potassiuB 
or  sodium  with  iodide  of  tetryL  With  mercury,  tin,  lead,  arsenic,  antimony,  and  a  Sew 
other  metals,  under  the  influence  of  heat,  or  of  the  sun*8  rays,  they  yidd  the  iodides  of 
organo-metallic  bodies ;  thus,  iodide  of  ethyl,  endosed  in  a  sealed  tube  with  strips  d 
tinfoil,  and  heated  in  a  sealed  tube  to  180^,  or  exposed  to  the  sun*s  rays  concentrated 
by  a  lens  or  mirror,  yields  iodide  of  stannethyl,  (C^*)%nl*  (ii.  235).  SomcdiMS 
the  organo-metallic  compound  thus  formed  acts  farther  on  the  iodide,  giving  rise  to 
new  products  (ii.  633,  635).  Similar  reactions  take  place  when  the  alcohdie  iodkks 
are  heated  with  the  arsenides,  antimonides,  stannides,  &c.  of  potasdum  or  sodium,  ths 
organo-metallic  radides  being  then  formed  with  greater  facility,  because  the  alkah- 
metal  unites  with  the  iodine. 

The  alcoholic  iodides,  heated  in  sealed  tubes  with  ammonia,  yield  a  mixture  of  the 
iodides  of  various  ammonium-bases,  in  which  the  hydrogen  of  the  ammonium  is  more 
or  less  replaced  b^  the  alcohol-radide ;  thus,  iodide  of  methyl  with  ammonia  yields  a 
mixture  of  the  iodides  of  ammonium,  and  of  methyl-,  dimethyl-,  trimethyl-,  and  tetrame- 
thyl-ammonium.  With  primary  and  secondary  monamines,  they  react  in  a  similar 
manner,  the  reaction  becoming  less  complex  as  the  amine  itself  is  of  a  higher  ord<c. 
With  tertiary  monamines  they  unite  directly,  yielding  the  iodides  of  ammonium-bsasi 
in  iHiich  the  hydrogen  is  wholly  replaced  l^  the  alcohol*radide,  e.g, 

(cm^ys  +  c«H»i   -   (C«H*)*Ni 

TrteChfl.         Indideof       Iodide  of  tetrethyl- 
unine.  eihyL  unmonium. 

Similariy  with  tertiary  phosphines,  arsincs,  stihincs,  &c 
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Iodide  of  ammoniiim  has  been  fou 
id  in  the  ashes  of  coal  and  peat  fro 
Chatin  (Compt  rend.  xxx.  352; 
and  iodine  in  the  waters  of  variot: 
e  proportion  of  iron  present,  and 
icts  than  in  those  from  the  oolitic 
Paris,  Pisa,  Flon?nce,  and  other 
inous  districts.  He  also  states  tl 
calities;  but  Lohmeyer  (PhiL  J 
.  166)  and  others  hare  failed  to  d 
dine  in  commercial  potash,  in  varioi 
the  ashes  of  wood* charcoal,  in  cos 
Preparaium. — I.  From  varec  or  / 
e  solation  is  freed  as  maeh  as  pot 
Uised  salts  contained  in  it  (chlorid 
dium,  sulphate  of  sodium,  &c.); 
dium,  still  contains  sulphide  and  1 
read^  mentioned* — is  subjected  to 
subliming  apparatus  with  oil  of  rii 
2NaI  +   2H«S0*     - 

bis  method  is  not  very  advanta^eo 
le  iodine  and  the  water  which  is  | 
id  sulphuric  acids.    (Soubeiran. 

2.  The  mother-li(^uor  is  heated  h 
inese  and  sulphuric  acid  (Wo  Has 

2NaI  +  2H»S0*  +  MnO 

Mr.  Whytelaw,  of  Gla»j?ow,  adds  < 
)rtion8  at  a  time,  to  eight  measura 
-whereupon,  carbonic  anhydride  an< 
•st  evolved ;  and,  after  exposure  t< 
rom  the  hyposulphite  of  sodium) 
>ur8  off  the  liquia  from  the  crysta 
aced  horizontally  in  a  sand-bath,  i 
to  the  first  of  three  tubulated  rec< 

66<»  C.  (1490  F.);  and,  after  addi 
)ad,  eradually  raises  the  tempera! 
44®  F.)  chloride  of  iodine  begins 
illects  in  the  last  receiver  in  white, 

the  retort  still  contains  iodine,  ani 
>uble  iodide  of  lead  and  sodium. 

3.  The  mother-liquor  is  evaporate 
auganeee,  and  the  iodine  precipitat 
arruel's  method,  which  is  carriec 
ting  the  mother-liquor  to  drynesi 
ansanese,  and  the  mixture  heated 
1  the  whileX  but  not  high  enough 
^at  is  continued  till  a  sample  of  1 
'olves  sulphvdrio  acid  or  deposits 
ilphide  and  hyposulphite  of  sodiui 
ssolved  in  such  a  quantity  of  wal 
tonding  to  36®  of  Baum^'s  hydrom 
}uid,  which  is  constantly  stined,  ti 
ves  a  precipitate  of  iodine  (excess 
id  rediasolve  it),  and  the  pulvenil 
id  purified  by  sublimation.  Mohr 
\!iM  process  during  the  heating  of  th 

4.  The  mother>liquor  is  precipiti 
iprous  iodide  heated  with  peroxide 

diluted  with  water,  and  mixed  wi' 
iH^ipitate  is  produced : 

4NaI  +  2Cq8G 

le  liquid  containing  the  free  iodii 

*  A  moth«r>Jlqttor  fron  Mirrr,  examined 
^  MlU  cooUined  in  it.  Id  addition  to  the 
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the  predpitatod  cupious  iodide,  and  mixed  with  sulphate  of  copper  and  iron  filings  till 
it  no  longer  tmellB  of  iodine : 

P  +  2CuS0«  +  Fe«  «  Cu«P  +  2FeS0<; 
and  the  cuprons  iodide  thus  produced  is  quickly  separated  bj  elutriation  from  the 
excess  of  iron-filings  and  from  the  liquid,  before  the  ferrous  sulphate  has  time  to 
oxidate  in  the  air.  The  two  portions  of  iodide,  obtained  as  above,  are  next  dried  at 
a  gentle  heat  (a  stronger  heat  would  decompose  the  cuprous  iodide,  since  it  is  mixed 
with  basic  ferric  sulphate,  and  eTolre  iodine) ;  the  whole  is  mixed  with  twice  or  thn^ 
timeo  its  weight  of  peroxide  of  manganese,  and  a  sufi&cient  quantity  of  sulphuric  acid 
to  fomi  it  into  a  paste ;  and  the  mixture  is  strongly  heated  m  a  subliming  apparatus : 

Cu«I»  +  2MnO«  +  4SH»0«  -  2CuSCH  +  2MnS0«  +  2H«0  +  V; 
or  the  sulphuric  acid  is  dispensed  with,  and  a  stronger  heat  applied : 
CuU*  +  8MnO«  -  2CuO  -»-  Mn"0*  +  I'. 

In  both  cases,  the  iodine  which  passes  orer  is  accompanied  by  water  derived  fiom 
the  hydrated  cuprous  iodide,  fh)m  the  sulphate  of  calcium  precipitsted  with  it,  and 
from  the  sulphuric  acid  when  it  is  used  in  the  process.  This  water  holds  in  solution  h 
portion  of  the  iodine,  which  may  be  again  precipitated  by  sulphate  of  copper.  By  this 
prxjoeas,  100  pts.  of  the  mother-liouor  yield  1  pt  of  iodine. 

IL  From  the  mother^i^uor  of  the  OaiUcke  of  Peru,  —This  mother-liquor  contains, 
according  to  Beichardt's  analysis : 


Nitrate  of  sodium        .... 

23*800 

Chloride  of  sodium      .... 

e-694 

Sulphate  of  magnesium 
Chloride  of  magnesium 

2-214 

1121 

lodate  of  sodium         .... 

0*440 

Water,  given  off  at  100°     . 

57-406 

Combined  water  (and  lo^s) . 

6925 

100-000 

According  to  Ornneberg  (J.  pr.  Chem.  Ix.  172),  part  of  the  iodine  in  this  liquid  is 
in  the  form  of  iodide  of  maffnesium,  which  is  decomposed,  during  the  evaporation,  into 
magueaia  and  hydriodic  add,  theroby  occasioning  loss  of  iodine;  this  however  may  be 
prermted  by  the  addition  of  caustic  soda.  The  Equor  is  then  treated  with  iron  filings 
and  solphate  of  copper  (as  in  Soubeiran's  method)  till  the  whole  of  the  iodine  is 
precipitated  as  ferrous  and  cuprons  iodide : 

4NaI0*  +  2CuS0*  +  Fe»»  -  Cu«I«  +  FeP  +  2FeS0«  +  lOFeO  +  2Na«0; 

lodMeof 


and  the  precipitate,  which  also  contains  oxychloride  of  copper,  is  distilled  with  peroxide 
of  manganese  and  sulphuric  acid.  The  receiver  contains  crystals  of  iodine  and  chloride 
of  iodine.  The  latter  is  heated  with  carbonate  of  potassium,  which  separates  all  the 
iodine,  with  formation  of  chloride  and  chlorate  of  potassium. 

Jaoqnelin  and  Favie  extract  the  iodine  from  the  mother-liquors  of  caliche  aad  oom- 
mereial  nitrate  of  sodium,  by  the  following  process,  founded  on  the  action  of  sulphurous 
acid  on  the  iodates : 

llg(IO^  +5H«S0«  -  Mg80«  +  4H«S0«  +  H«0  +  P. 

The  solution  of  the  nitro  having  been  concentrated  to  36^  or  37^  Bm.,  a  sample  of  it  is 
mixed  with  arsons  sulphurous  acid,  cautiously  and  with  constant  stirring,  until  all  the 
iodine  is  precipitated ;  the  quantity  of  sulphurous  add  used  is  then  noted ;  and  from 
the  data  Uius  obtained,  the  manufiicturin^  operations  are  managed. 

The  sohition  of  the  nitre  is  run  into  a  cistem  built  of  stone  or  fire-bricks,  and  dosed 
with  a  corer  coated  on  the  under  side  with  glass  plates.  The  cistem  is  fitted  with  an 
agitator,  having  stoneware  arms  worited  from  above  through  the  cover,  while  the  solu- 
tion of  sulphurous  add  is  being  mixed  with  the  liquid.  The  iodine  which  predjntates 
is  eoDeeted,  washed,  and  sublimed  as  above. 

If  the  iodine  is  present  in  the  form  of  iodide  snd  iodate  together,  both  chlorine  and 
sulpharoQs  add  must  be  emploved,  the  necessary  quantities  having  been  previously 
ascertained  by  testrsamples.  If  the  iodate  is  present  in  the  largest  proportion,  the 
chlcnine-water  is  first  used,  and  then  the  aqueous  sulphurous  add;  but  when  the  iodate 
in  the  diief  ingredient)  the  order  of  treatment  is  reversed. 

UL  From  Mineral  waters. — ^The  quantity  of  iodine  existing  in  certain  minimi 
waters  and  in  spent  artifidally  iodised  baths  may  be  extracted  by  means  of  charcoal, 
which  completely  predpitates  free  iodine  on  the  surface  of  its  partides,  wher«  it 
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dye  apon  doth,  anc^ 
il  either  hot  or  cold, 
imended  for  the  pur 
The  water  containii 
I  pt  sulphuric  to  2 
ed  with  charcoal,  anc 
it  is  mixed  with  hydra 
p  iodide  of  iron,  whicl 
of  hydro^,  or  distill 
^  to  obtain  iodine, 
iodine  obtained  by 
with  a  small  quantit 
nd  time.  Acoordinff 
»y  solution  in  alcohol, 
\  relating  to  the  manuf 
,  ToL  i.  part  3,  pp.  56' 
e  is  at  ordinary  tempc 
tallio  lustre,  like  plum 
ses,  and  then  appears 
1  It  ciystallises  by 
»d  octahedrons.  Fine 
1  aqueous  solution  of  I 
to  the  trimetric  systei 
>7<»  C.  (224-6  F.X  and 
srsed  in  strons  snlph 
>pen  air  it  rcSatiliflei 
odour  having  considi 
from  it.  Its  vapour  1 
"he  saturated  vapour  i 
x>  daylight  or  candleli 
iodine  is  thrown  upo 
bodies,  its  specific  g 
:periment8  of  Dumas 
j|ht 

ut  sparingly  in  water, 
naiy  temperatures.  . 
liquids.  The  alcohol 
composed  by  water,  i 
10  dissolves  with  fact 
f  ammaniumf  the  so] 
B  of  iodine  and  30  g 
LugoPs  solution,  an< 
is  not  decomposed  bj 
i  very  small  quantity  < 

ileal  reactions  resemb 
n  most  of  its  corabina 
it  slowly,  and  does  no 
ts  a  destructive  action 
ddn,  paper,  &c  Thif 
the  contact  has  not  be 
1  atareh  a  compound  < 
i  and  alkaline  solutic 
presence  of  iodine.  ] 
iduced,  but  if  it  is  in  c 
)dine  is  liberated  by  ch 
compound  is  decoloris 
ors  its  colour  as  the  lie 
d  in  the  laboratory  for 
t  introduced  into  med 
)  treatment  of  goitre, 
,  or  as  iodide  of  sodia 
virtue  of  curing  goit 
lult,  Ann.  Ch.Phy8. 
237)  failed  to  det^  i 
eh  are  peculiarly  free  1 
le  aboorption  of  gland 
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tonic  Iodine  swallowed  in  the  solid  sUte  causes  ulceration  of  the  mucous  membrane  of 
thr  stomsfeh,  and  death. 

Iodine  is  extensiTelj  used  in  photography.  The  sensitire  film  of  the  dacuerreotype 
plate  consists  of  iodide  of  silTer,*  produced  by  exposing  a  polished  pkte  of  toe  metal  to 
the  action  of  iodine-Tapour ;  and  surfaces  of  papier,  coi^Kiion,  albumin,  &c  are  rendered 
capable  of  taking  photographic  pictures  by  dipping  them  first  in  a  solution  of  nitrate  of 
silver  and  then  in  iodide  (or  sometimes  bromide)  of  potassium. 

ZOBXSav  B&OBKXBBS  07.  Iodine  forms  with  bromine  a  solid,  Tolatile, 
OTStalline  compound,  probably  a  protobromide,  IBr  (Balard),  and  with  excess  of 
bromine,  a  dark  brown  hquid,  soluble  in  water,  probably  a  pentabromide,  IBr*  (^Lowig). 
On  exposing  the  pentabromide  together  with  a  small  quantity  of  water  to  a  temperatm:« 
below  0^,  a  crystalline  hydrate  is  formed  which  at  -i-  4^  is  resolved  into  water  and 
bromide  of  io^e.     (Lowig.) 

ZOBZVBf  cmiiOBXBBS  07.  Iodine  unites  directly  with  chlorine,  forming  a 
protochloride  and  a  trichloride,  and  perhaps  also  a  pentachloride.  There  is  also  a 
tetrachloride  produced  by  decomposition  of  the  protocmoride. 

Protocbloride.  ICL— Of  this  compound  there  are  said  to  be  two  modification^ 
one  liquid  at  common  temperatures,  the  other  solid ;  but  the  differences  observed  are 
perhaps  due  to  the  presence  of  small  quantities  of  foreign  substances,  or  to  slight 
variations  in  the  proportions  of  the  chlorine  and  iodine.  It  is  obtained: — 1.  By 
passing  dr^  chlorine  gas  over  diy  iodine  till  the  whole  is  liquefied,  but  no  longer.  -  - 
2.  By  distilling  iodine  with  chlorate  of  potassiuni,  oxyeen  being  then  evolved,  the  proto- 
chloride  distillinff  over,  and  a  mixture  of  chloride,  io<uite,  and  perchlorate  of  potasKium 
remaining  behind  (Berzelins) : 

p  +  8Kao»  -  Kao«  +  Kio»  +  Ka  +  o«  +  la 

The  protochloride  of  iodine  obtained  by  either  of  these  processes  is  described  as  a 
reddish-brown  oily  liquid,  and  nothing  is  said  about  its  solidification  (Gme/in's 
Handbook,  ii.  346).  According  to  J.  Trapp  also  (J.  pr.  Chem.  IxiiL  108),  the 
liquid  protoehlonde  obtained  as  above  does  not  solidify.  But  P.  Schiitsenberger 
(Zeitscnr.  Chem.  Pharm.  1862,  p.  1)  by  passinff  dxy  chlorine  in  the  cold  over  dry 
iodine  (100  grms.)  till  it  was  liquefied,  then  adding  more  iodine  (50  gnns.),  distillinff 
between  10<^  and  102°,  and  recti^ring  between  &e  same  limits,  obtained  a  liquid 
which  crystallised  in  long  needles  when  cooled  to  10^  in  an  open  vessel,  but  if  sealed 
up  in  a  flask  before  it  had  time  to  solidi^r,  retained  its  fluidity  for  24  hours  even  when 
cooled  to  between  2**  and  3**,  and  when  the  flask  was  opened,  solidified  suddenly,  with 
ri^io  of  temperature,  like  a  supersaturated  solution  of  Glauber*s  salt  The  crystals 
when  exposed  to  the  air,  melted  at  30^  and  tolidified  again  at  26°.  A  similar  result 
was  obtained  by  introducing  31  grms.  of  iodine  into  a  flask  containing  87  grms.  of 
chlorine  (quantities  proportional  to  the  i  tomic  weights).  The  whole  of  the  chlorine 
was  rapidly  absorbed,  and  a  liquid  was  formed  which  remained  unaltered  for  many 
hours  at  69  or  6^  but  ultimately  solidified  completely. — By  distilling  iodine  with 
chlorate  of  potassium,  Schiitzenbeiger  likewise  obtained  a  dariL-coloured  liquid  which 
quickly  crystallised. 

Trapp  (he.  eit.)^  has  also  obtained  the  protochloride  of  iodine  in  the  solid  state  by 
stron^y  heating  iodine  in  a  retort  till  it  melted,  and  passine  a  stream  of  diy  chlorine 
into  Uie  iodine-vapour  till  all  the  iodine  had  disappeared ;  ike  upper  part  of  the  retort 
then  became  filled  with  a  thick  red-brown  vapour,  and  the  solid  protochloride  of  iodine 
x>Uected  in  the  receiver  in  large,  hvacinth-red,  transparent  prisms  and  tables,  which 
melted  at  25^  to  a  red-brown  oily  liquid. 

Protochloride  of  iodine  is  very  volatile ;  has  a  pungent  odour  of  chlorine  and  iodine; 
attacks  the  eyes  strondy ;  tastes  slightly  acid,  strongly  astringent  and  biting ;  stains 
the  skin  deep-yellow,  and  produces  smarting.  It  decolorises  indigo  and  litmus^  but 
does  not  give  a  blue  colour  with  starch.  It  deliquesces  in  the  air,  and  aecording  to 
Oay-LusMC,  dissolves  easily  in  water  without  decomposition ;  according  to  Schiitzen- 
berser,  on  the  other  hand,  it  is  decomposed  by  water,  yielding  iodic  and  hydrochloric 
mdda,  with  separation  of  iodine,  and  formation  of  an  iodised  compound,  which  ^mains 
dissolved  in  ue  water,  but  may  be  extracted  therefrom  by  ether.  The  protochloride 
dissolves  in  alcohol  and  in  ether,  forming  yellow  solutions. 

Protochloride  of  iodine  sometimes  decomposes  spontaneously  into  the  tetrachloride 
and  free  iodine:  4IC1  ^  ICl*  -i-  P  (Kammerer,  J.  pr.  Chem.  Ixxxiii.  83). — ^When 
heated,  it  gives  off  the  trichloride,  leaving  a  residue  of  pure  iodine :  3IC1  =  ICl'  -i-  V 
(Kane,  Phil.  Mag.  [3]  x.  430).  Stdphuroui  and  sulphydric  acids  decompose  it  with 
separation  of  iodine.  With  aqueous  solutions  of  the  fixed  alkalis  it  yields  a  chloride 
and  iodate  and  free  iodine : 

6KH0  +  6ia    -     6Ka   +  KIO«  +  3H«0  +  l\ 
the  iodine  however  dissolving  in  excess  of  the  alkali  in  the  form  of  iodide  and  iodatei 
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— ^With  aqueous  or  alcoholic  ammonia,  it  yields  yarioua  iodamidfa  (the  so-eaUed  iodidci 
of  nitrogen  (p.  289^  according  to  the  proportions  used  and  the  mannear  in  iHuch  tW 
reaction  takes  place,  e,g, : 

3ia  -I-    NH*  -  8Ha  +  NI*.    (Mitscherlieh.) 

2IC1  +    NH»  -  2Ha  +  NHP. 

ICl  +    NH«  -      Ha  +  NH1. 

3ia  -I-  2NH'  -  8Ha  +  NI*^H*.    (Bunsen.) 

Mercuric  chloride  added  to  a  concentrated  aqueous  solution  of  protoehloride  of  iodiae 
throws  down  mercuric  iodide,  leaving  trichloride  of  iodine  in  solution  (Kane) : 

4ia  +  Hga«  -  Hgi«  +  2ia». 

Stannous  eiloride  added  in  small  quantity  to  the  concentrated  aqueous  solutaoB,  pn- 
cipitates  iodine,  and  is  oonTerted  into  stannic  chloride:  but  on  adding  a 
(|uantit^  of  the  stannous  chloride,  the  iodine  disappears,  and  stannous  iodide  i 
in  brilliant  orange-coloured  needles  (Kane) : 

2ia  +    8nCl«     -        P  +    Sua*. 

2ia  •¥  SSnCl*  -  8nl*  +  2SnCl«. 
Protoehloride  of  iodine  acts  very  readily  on  many  organic  compounds,  the  cfalaDos 
taking  up  an  atom  of  hydrogen  to  form  nydrochloric  add,  and  tne  iodine  taking  its 
place.  In  this  way,  many  iodine-substitution-oompounds  may  be  obtained  idiich  ooald 
not  be  formed  by  the  action  of  iodine  alone ;  e,  g.,  lodogrromeconic  acid,  OH"10*,  fiua 
pvromtconie  acul,  C^H^O*  (J.  Brown,  Edinb.  PhiL  TnuB,  zxL  [1]  49);  mono-  aad 
di-iodophenic  acids,  from  pnenio  acid,  C*HH)  (Sengenwald,  Compt  rend.  Ht.  197). 
On  the  alcoholic  hydrides,  hydride  of  heptyl  for  example,  protoehloride  of  iodine  acts 
in  a  manner  opposite  to  that  just  mentioned,  couTerting  them  into  ehloridesi,  with 
elimination  of  hydriodic  acid  (Schorlemmer,  p.  144).  In  some  cases,  chloride  of 
iodine  unites  directly  with  an  organic  compound,  with  ethylene,  for  example,  formiag 
chloriodide  of  ethylene,  C^*CII  (Maxwell  Simpson,  Proc  Boy.  Soc  xxl  278> 
According  to  Geuther,  however  (Ann.  Ch.  Pharm.  cxxiii.  128),  when  dry  ooal-CM  is 
passed  over  frised  protoehloride  of  iodine,  the  ethylene  contained  in  it  is  oonverteJ  iato 
dichloride  of  ethylene : 

C«H*  +  2ia     -     C«H*a«  +  P. 
From  iodised  organic  compounds  it  sometimes  takes  away  one  or  more  atoms  of  iodine, 
replacing  them  by  chlorine ;  thus  it  converts  ioditie  of  ethyl  into  chloride  of  ethyl 
(Geuther): 

C«H*I  +  la     -    CWCl  +  P; 

di-iodide  of  ethylene  into  chloriodide  of  ethylene  (Max  well  Simpson) : 

C«H*P  ^   la     «     C«H*ia  +  P; 

or  into  dichloride  of  ethylene  (Geuther) : 

C»H*P  +  2ia    -    c«H*a«  +  P. 

Iknxene,  C^*,  is  violently  attacked  by  protoehloride  of  iodine,  yielding  dbkfly 
crystalline  chlorinated  products  of  high  boiling  point»  together  with  iodated  bodies  and 
free  iodine. 

Trielilarlde.  ICl*. — This  compound  is  produced: — 1.  By  treatinff  iodine  at  a 
gentle  heat  with  excess  of  chlorine  gas. — 2.  By  introducing  finely  divided  iodic  mxihy- 
( I  ride  into  dry  hydrochloric  acid  gas ;  the  mass  then  liquefies  and  boils,  and  oo  cooling 
deposits  trichloride  of  iodine  in  long  needles  (Serullas) : 

iK)»  +  loHa   -   2ia«  +  sHK)  +  a«. 

Also  by  mixing  the  crystallised  iodic  acid  or  anhydride  with  strong  hydrodiloric  add, 
the  trichloride  then  crystallising  out     (Soubeiran.) 

Trichloride  of  iodine  is  orange-yellow,  and  crystallises  on  cooling  after  fusion  in  kmg 
needles  (Serullas).  It  acts  on  other  substances  in  the  same  manner  as  the  protoehloride 
(Kane);  decoloristfs  solution  of  indigo  (Gay-Lussac);  does  not  turn  start^  blue,  exctfit 
on  the  addition  of  an  aqueous  solution  of  stannous  chloride,  or  other  dechlorinating 
substance,  which  sets  the  iodine  free. 

It  melts  at  a  temperature  between  20®  and  25°,  evolving  chlorine  gas,  which  it  again 
absorbs  on  cooling  (Serullas).  In  contact  with  a  very  small  quantity  of  water,  it  is 
partly  resolved  into  an  insoluble  yellowish  portion  (probably  a  mixture  of  tridilorids 
of  iodine  and  iodic  anhydnde),  and  a  solution  of  protoehloride  of  iodine  and  hydro- 
chloric add  (Serullas) : 

4ICP   +   5H«0     =     lOHCl    +    ro*   +   2ICL 

Trichloride  of  iodine  is  Ic^s  mulily  dihwlvod  by  Wittcr  than  the  protoehloride,  tbt 
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TIm  brown  8troD|^y  acid  liquid  is  then  ilig^  j  snpenatnnted  with  carbonate  of  sodinm, 
vherebj  a  oonsiaerable  qoantitj  of  iodine  is  precipitated,  which  maj  be  collected  on 
a  filter,  then  snsiwnded  in  water,  and  treatea  with  chlorine  as  before.  The  filtered 
■ofaition  contains  iodate  and  chloride  of  sodium,  with  a  trace  of  carbonate,  which  may 
be  neotraliaed  bj  hydrochloric  acid.  On  afterwards  adding  chloride  of  barinm  to  the  . 
filtered  l^nid  as  long  as  a  precipitate  is  formed,  the  whole  of  the  iodic  acid  is  Uuown 
down  aa  iodate  of  barium,  which  may  be  collected  on  a  filter,  dried,  and  then  decom- 
poaed  by  boilingit  for  half  an  hour  with  2  pts.  of  oil  of  Titriol  diluted  with  10  or  12 
pta.  of  water.  The  iodic  add  thus  liberated  dissoWee  in  the  water,  and  the  solution 
filtered  from  the  sulphate  of  barium  and  evaporated  at  a  gentle  heat,  yields  the  add  in 
the  form  of  a  oystauine  mass.  Kam merer  (J.  pr.  Chem.  Ixziz.  94)  dissolves  iodine 
in  hot  saturated  baryta^water;  filters  the  solution  of  iodide  of  barium  from  the  sepa- 
rated iodate;  passes  chlorine  through  the  filtrate  (which  at  fint  predpitates  iodine,  but 
in  a  state  of  rerj  fine  division,  so  that  it  is  very  quickly  oxidised^  and  thereby  converts 
the  whole  of  the  iodide  of  barium  into  iodate,  from  which  the  iodic  add  may  then  be 
separated  by  sulphuric  add.  —8.  Another  very  good  method  of  preparing  the  add  is  to 
digest  4  pts.  of  iodine  with  7*6  pts.  of  chlorate  of  potassium  in  40  pts.  of  water  addn- 
lated  with  10  pts.  of  nitric  add,  and  heat  the  liquid  sufficiently  to  cause  rapid  evolution 
of  chlorine.  In  a  short  time  the  iodine  is  completely  oxidised,  and  the  iodic  add  Uins 
formed  may  be  predpitated  by  baryta,  and  separated  again  by  sulphuric  add.  The 
lamet  crystals  are  obtained  when  the  solution  contains  a  slight  excess  of  sulphuric  add. 
The  crystallised  acid,  HIO*  or  IH)*.H20,  when  exposed  to  a  heat  of  130^  or  digested 
in  absolute  alcohol,  is  partlv  resolved  into  water  and  iodic  anhydride,  which  remains 
combined  with  the  iodic  add^  forming  the  compound  IK)*.HIO'  or  3IH)^HH) : 

3HI0*     -    IW.HIO*  +  HK), 

which  at  170^  suiTers  farther  decomposition,  yielding  water  and  iodic  anhydride. 
Iodic  anhydride,  IK)*,  ciystaluses  in  forms  belonging  to  the  trimetric  system, 
and  often  reduced  to  the  tabular  form  by  the  predominance  of  two  parallel  faces  ooP. 
For  P  the  ratio  of  the  prindpal  to  the  secondary  axes  is  1 :  0*7586 :  0*7122.  Angles 
P:P  in  the  terminal  edges  »  99<>  22',  and  105°  12';  in  the  lateral  edges  »  125°  V; 
ooP :  ooP  a  93^  37'.  The  pyramidal  &ces  occur  sphenoido-hemihedrally.  Cleavage 
Mrfect  parallel  to  tco;  imperfect  parallel  to  Poo  (Schabus,  BcsUmmung  £sr 
KrygtaugeataUen  in  chemUchen  Laboratorien  erseugter  Produkte^ien,  1855 ;  Jahresber. 
1854,  p.  310).  Specific  gravity  of  the  crystak  -  4*250  (Filhol,  Ann.  Ch.  Phya 
[3]  xi.  415).  At  the  temperature  of  bouing  olive-oil,  the  anhydride  is  completely 
resolved  into  iodine  and  oxygen.    It  dissolves  in  water,  iforming  iodic  add. 

Pulverised  iodic  anhydride  is  reduced  at  ordinary  temperatures  by  a  small  quantity 
of  tulpkurmu  ankgdridey  yielding  sulphuric  anhydride  and  free  iodine ;  by  continued 
action  of  sulphurous  anhydride  at  100^,  it  is  converted  into  a  light  yellow  granulo- 
oystalline  mass,  consisting  of  an  iodosulphuric  anhydride,  5PCP.S0*.  ^  This 
compound  is  quickly  decomposed  by  contact  with  air  and  water,  with  separation  of 
iodine.  By  absolute  alcohol  or  ether,  it  is  resolved  into  IH>*  and  SO*;  and  by  alcoholic 
potash  it  is  converted  into  iodate  and  sulphate  of  potassium.  Strong  sidphuric  add 
does  not  act  upon  it  at  common  temperatures;  hydrochloric  acid  dissolves  it,  with 
erolution  of  chlorine  and  formation  of  chloride  of  iodine.  By  still  longer  exposure  to 
the  action  of  sulphurous  anhydride,  the  iodic  anhydride  is  completely  decomposed, 
yielding  a  large  quantity  of  iodine,  and  an  adhesive  mass  containing  an  oxide  of 
iodine,  P0'«  (p.  298). 

NitroHodic  anhgdridi,  PO*(NO)»  ?— Millon  (Ann.  Ch.  Phys.  [3]  xii.  330),  by  tri- 
turating iodine  with  strong  nitric  add,  obtained  a  yellow  powder  which  he  regarded 
as  a  compound  of  nitric  add  with  periodic  oxide,  10* ;  it  was  resolved  bv  water  into 
nitric  Bad,  iodic  add,  and  iodine,  and  when  treated  with  dilute  alcohol  yielded  a  small 
quantity  of  periodic  oxide,  10*  (Millon's  hypo-iodio  add),  Kammerer  (J.  pr. 
Chem.  Ixxxiiu  72)  has  obtained  the  same  substance  by  Millon's  method.  uIhu  by 
treating  iodine  with  a  mixture  of  fuming  nitric  and  strong  sulphuric  adds,  and  assigns 
to  it  the  compodtion  above  given.  He  finds  that  it  is  decomposed  by  diying  over  lime, 
with  evolution  of  nitric  oxide,  and  that,  when  dried  in  an  atmosphere  of  carbonic 
anhydride,  it  splits  up  into  nitric  oxide  and  periodic  oxide.  It  is  decomposed  by 
water  and  by  aqueous  adds  and  alkalis ;  hydrochloric  add  dissolves  it,  with  evolution 
of  chlorine  and  formation  of  chloride  oif  iodine.  Alcohol,  ether,  and  acetic  ether  are 
violently  attacked,  often  with  incandescence,  even  by  small  quantities  of  the  compound. 
By  exposure  to  moist  air  at  common  temperatures,  it  is  decomposed  into  iodine,  iodic 
acid,  and  nitric  add ;  in  dry  and  very  cold  air  it  remains  unaltered  for  a  long  time. 
It  dissolves  slowly,  and  without  decomposition,  in  strong  sulphuric  add,  and  sometimes 
•fparates  from  the  solution  spontaneouslv,  but  is  easily  precipitated  on  scratching  the 
J'ides  of  the  vessel  with  a  glass  rod,  or  addinp:  faming  nitric  acid  to  the  solution.  The 
tulphorie  add  solution,  when  boiled,  gives  off  a  large  quantity  of  nitric  oxide. 
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Iodine  and  5  atoma  of  oxygen,  and  are  redoced  to  metallic  Qxides  (e.ff.  BaO.I'O^^ 
O^  —  I'  IK  BttO),  aocordinglj  as  the  metal  has  greater  affinity  for  iodine  or  for  oxy- 
gen. Some  iodates  detonate  when  heated  with  combustible  bodies,  e.g,  on  red-hot 
coals, — sometimes  eren  when  merely  struck ;  but  the  detonation  is  much  weaker  than 
thnt  produced  by  chlorates  or  nitrates.  The  aqueous  solution  of  an  iodate  mixed  with 
sulphurous  acid  }'ield8  iodine  and  sulphuric  acid,  part  of  which  combines  with  the  base 
(O ay  -Lussac).  With  sulphydric  acid,  the  solution  of  an  iodate  yields  hydriodic  acid, 
water,  sulphur,  and  a  sulphate  (H.  Rose) ;  with  hydriodic  acid,  or  with  a  dissolred 
iodide  mixed  with  an  acid  to  lioerate  the  hydriodic  acid,  it  yields  a  metnllic  iodide, 
iodine,  and  water : 

KIO«  +  em      -      KI  +  !•  +  3H*0. 

Iodides  and  iodates  containing  weak  bases  may  also  decompose  one  another  in  solution 
without  the  interrention  of  an  acid,  yielding  an  oxide  and  free  iodine :  thus  with  the 
si  DC-salts: 

Zn(IO»)«  +  6ZnI«  -  6ZnO  +  I". 

With  hydrochloric  acid,  the  iodat-es  form  water,  a  metallic  chloride,  trichloride  of 
iodine,  and  free  ddorine ;  and  the  metallic  chloride  thus  produced  often  enters  into 
eombination  with  the  trid^oride  of  iodine  (Filhol): 

KIO*  +  6Ha    -    3H«0  +  KCl  +  ia»  +  Ci\ 

Arsenious  add,  with  the  aid  of  heat,  and  likewise  dichloride  of  tin,  separate  iodine 
from  aqueous  solutions  of  the  iodates  (S  i  mon).  Dilute  sulphuric  acid  at  a  boiling  heat 
s<>parates  the  iodic  acid  from  these  salts  (Ga^-Lussac).  When  an  aqueous  solution 
of  an  iodate  is  heated  with  nitric  acid,  that  acid  at  first  takes  hold  of  the  base,  either 
wholly  or  in  part ;  but  when  the  solution  is  STaporated  to  dryness  and  more  strongly 
bAat4>d,  the  less  volatile  iodic  acid  drives  out  the  nitric  add.  (Penny,  Ann.  Phann. 
xxxrii.  208.) 

Iodates  heated  with  strong  hydrochloric  add  and  mercury,  or  with  strong  sulphuric 
add  and  ferroso-ferric  oxide^  impart  a  blue  colour  to  starch,  in  consequence  of  the 
liberation  of  iodine. 

Iodate  of  Aluminium,  A  solution  of  moist  hydrate  of  alumina  in  iodic  add 
eraporated  to  a  syrup  and  then  left  over  sulphuric  add,  yields  deliquescent  crystala 

Iodate  of  AmmoniuTit^  (NH*)IO*,  is  produced  by  saturating  caustic  ammonia  oi 
carbonate  of  ammonium  with  iodic  add  or  chloride  of  iodine,  and  separates  as  a  crys- 
talline  powder  if  the  solutions  are  moderately  concentrated.  By  spontaneous  evapora- 
tion it  IS  generally  said  to  be  obtained  in  small  shining  cubes.  According  to  Marignac; 
however  (Ann.  Min.  [5]  ix.  1),  the  crystals  are  dimetric,  exhibiting  the  combination 
oP .  ooPflo ,  often  with  P,  2P,  ooP,  Poo  and  2Poo  subordinate.  Angle  oP  :  P  — 
124°  64;  oP  :  2P  -  106°  14';  oP  :  Poo  «  1340  37;  P  :  P  in  the  terminal  ed^es  - 
109*7^.  That  the  oystals  are  not  monometric,  is  also  shown  by  the  observation  of 
Marbach  (Jahiesber.  1866,  p.  146),  that  they  act  upon  polarised  light  It  decomposes 
with  a  hissing  noise  at  160^,  giving  off  equal  volumes  of  oxygen  and  nitrogen  together 
with  iodine  and  water.  It  detonates  on  glowing  coals,  and  is  decomposed  by  hydro- 
chloric add,  yielding  a  compound  of  sal-ammomac  and  trichloride  of  iodine,  together 
with  water  and  free  chlorine  (Filhol).  It  dissolves  in  38'6  pts.  of  cold  water  at  16^, 
and  in  6*0  pts.  of  boiling  water.    (Rammelsberg.) 

Iodate  of  Barium,  Ba(IO')*.H'0. — This  salt  is  predpitated  when  iodine  is 
dissolved  in  baryta-water,  iodide  of  barium  remaining  in  solution.  It  may  also  be 
prepared  by  saturating  an  aqueous  solution  of  trichloriile  of  iodine  with  carbonate  of 
bnnum  or  baryta-water,  or  by  precipitating  a  concentrated  solution  of  chloride  of 
barium  with  iodate  of  sodium.  The  hydrated  salt  forms  a  granular  powder.  From  a 
solution  in  hot  nitric  acid,  however,  it  is  deposited  on  cooling  or  on  addition  of 
ammonia,  in  small  crystals  (Rammelsberg),  which,  according  to  Marignac  {he.  ct7.), 
are  monoclinic  and  isomorphous  with  bromate  and  chlorate  of  barium,  exhibiting 
the  combination  ooP.(Pao).  —Poo.  Angle  ooP :  ooP  in  the  clinodiagonal  prin- 
cipal section  «82*>  0';  (Poo)  :  (Poo)  in  the  same  -  76*  42'; -Poo  :  ooP  »  119«>  4'. 
Tlie  water  of  crystallisation  escapes  at  a  temperature  below  200*.  On  heating  the 
salt  more  strongly  in  a  porcelain  retort,  vapour  of  iodine  and  oxygen  gas  are  evolved, 
and  a  residue  is  obtained,  consisting  of  basic  periodate  of  barium  (Rammelsberg): 

6Ba(I0>)«  -  Ba(IO«)«.4BaO  +  81  +  0". 

It  does  not  detonate  on  ignited  charcoal,  but  sometimes  exhibits  phosphorescence 
(Oay-Lussac).  UydrochToric  acid  dissolves  it  readily,  even  in  the  cold,  the  liquid 
assuming  a  dark-yellow  colour  (probably  arising  from  the  formation  of  a  double  chloride 
of  iodine  and  barium)  and  evolving  chlorine.  It  dissolves  with  difficulty  in  warm 
nitric  acid  (Rammelsberg).    It  is  soluble  in  3,333  pts.  of  water  at  18*,  in  626  pts. 
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in  nitric  add.  Gires  off  iodine  and  ox^n  when  heated,  and  leaves  a  mixtnie  of  oxide 
and  iodide  of  lead*  from  which  the  oxide  i#  easily  diasolred  oot  by  acetic  acid. 

lodate  of  Lithium,  LilO'. — Crystalline  crusts,  soluble  in  2  pts.  of  water. 

lodate  of  Magnesium, 'MglO^yABH). — Shining  crystals  soluble  in  3  pts.  of 
boiling  and  9*43  pts.  of  cold  water.  They  are  monoclinic,  exhibiting  the  combination, 
ooP  .  ooPoo  .  +P.  —P.  oP  .  —  JPoo.  In  the  clinodiagonal  principal  section, 
ooP  :  ooP  -  78«»  20';  +P  :  +P  =  91*  63';  -P  :  -P  =  120®  30';  further,  oP  : 
ooPflo  i.  100<'40';  oP:  -JPoo  «  165®  32'.  The  crystals  cleave  very  distinctly 
parallel  to  ooPoo  (Marignac,  Jahresber.  1867,  p.  126).  When  heated  they  quickly 
become  opaque  and  give  off  water,  becoming  completely  anhydrous  at  240^  (Mill  on). 
At  a  red  neat,  the  salt  suffers  decomposition  and  leaves  pure  magnesia. 

lodate  of  Mangamse,  Mn(IO')Ms  best  obtained  by  precipitating  a  concentrated 
!u)lution  of  acetate  of  manganese  with  iodate  of  sodium.  It  is  pale  red,  soluble  in 
200  pu.  of  water,  and  when  ignited  leaves  pure  manganoso-manganie  oxide.  According 
to  Berzelius,  it  contains  1  at.  water  [Mn(IO«)«.H»0]. 

lodates  of  Mereury.---\.  Mercuric  lodate.  Produced  by  digesting  recently  pre- 
cipitAted  mercuric  oxide  in  iodic  acid.  It  is  a  white  anhydrous  powder,  insoluble  in 
water,  but  dissolving  easily  in  hydrochloric  acid,  with  evolution  of  chlorine.  The 
fu>lation  mixed  with  stannous  chloride ^elds  a  red  precipitate  of  mercuric  iodide,  which 
by  the  further  action  of  the  tin-salt  is  reduced  to  yellow  mercuroso-mercuric  iodide. 
Mercuric  iodate  when  heated  gives  off  oxygen  and  is  converted  into  iodide. 

2.  Mereurous  lodate,  HgVIO*)*.— A  solution  of  mercurous  nitrate  rendered  as 
nratral  as  possible,  vields  with  iodate  of  sodium  a  white  precipitate,  which  is  dissolved 
by  hydrochloric  acid,  with  evolution  of  chlorine,  and  yields  a  solution  from  which  am- 
monia  throws  down  iodide  of  nitrogen.  It  dissolves  with  difficulty  in  nitric  ac  d,  and 
is  completely  volatilised  by  heat,  being  at  the  same  time  resolved  into  mercuric  iodide, 
mc  rvnirr  and  oxygen. 

lodate  of  Nickel,  Ni(IO«)*.H*0.— Obtained  by  dissolving  recently  precipitated 
hvilnite  of  nickel  in  iodic  acid,  or  by  evaporating  to  dryness  a  solution  of  1  pt.  sulphate 
of  nickel  and  1|  pt.  iodate  of  sodium,  and  dissolving  out  the  sulphate  of  sodium  from 
the  residue  with  water.  From  a  hot -saturated  solution,  it  sepirates  as  a  light-green 
cr)-8talline  powder.  It  dissolves  in  77J  pts.  of  boiling  and  1204  pts.  of  cold  water. 
When  ignited,  it  leaves  pure  oxide  of  nickel.  Ammonia  dissolves  it  readily,  forming  a 
blue  liquid,  tram  which  alcohol  throws  down  blue  crystals,  or  a  crystalline  powder,  con- 
sisting of  iodate  of  nickel-diammonium,  Ni(I0")«.4NH»  =  I«0«.N«  |  ^*^*^'*''. 

Jo dateeof  Potaeaiu m. — 1.  Mono-iodate  or  Normal  lodate.  This  salt  is  prepared : 
I.  By  adding  iodine  to  solution  of  potash  till  a  brown  colour  is  produced,  evaporating  to 
dryness,  and  dissolving  out  the  iodide  of  potassium  formed  at  the  same  time  with 
alcohol  of  Bpedfie  gravity  0*81 : 

6KH0  +   P     «     KIO«  +   6KI   +    3H-0. 

Should  the  iodate  thus  obtained  contain  carbonate  of  potassium,  the  latter  must  be 
decomposed  by  acetic  acid,  the  whole  evaporated,  and  the  acetate  ojf  potassium  removed 
by  alcohoL 

2.  By  dissolving  trichloride  of  iodine  in  potash,  the  products  being  iodate,  iodide  and 
chloride  of  potassium : 

12KH0   ■».  3IC1>     -     2KI0»  -i-   9KC[  +   KI  +   6H*0. 

The  iodide  and  chloride  are  dissolved  out  by  alcohol,  as  in  the  former  process,  but  the 
hater,  being  less  soluble*  is  more  difficult  to  remove. 

3.  B^  melting  iodide  of  potassium  in  a  crucible,  leaving  it  to  oool  till  it  becomes 
semifluid,  and  then  gradually  adding  1^  pts.  chlorate  of  potassium.  The  mass  becomes 
fluid,  swells  up,  and  solidifies  to  a  spon^  mass  of  iodate  and  chloride  of  potassium. 
It  is  diiaolvea  in  hot  water,  the  iodate  len  to  crystallise,  the  crystals  redisRolved  in  hot 
water  and  the  iodate  predpitated  by  alcohoL 

MoDO-iodate  of  potassium  forms  small  white  cubic  crystals  (Gay-Lussac); 
qdOoo  .  odO  (Marignac),  but  it  is  not  easy  to  obtain  distinct  crystals.  Specific 
gravity  3-979  (water  at  17*6^  »  1)  (Kramers).  It  dissolves  in  13  pts.  water  at  14^ 
(Oav-Lutsac);  in  1902  pts.  water  at  0*6^  in  14*86 pts.  at  9'4<',  in  10*77  pts.  at 
22-2^  in  6*95  pta.  at  46*8<',  and  in  8*67  pts.  at  69'2<'.  An  aqueous  solution  (^  specific 
gravi^  1-0741  at  19-6'^  contains  9*08  pts.  KIO«,  for  every  100  pts.  water.  The 
nturtted  aqueous  solution  boils  at  102^  fK  re  mere,  Pogg.  Ann.  xciv.  271 ;  xcv.  121 ; 
xcvii  6).  More  soluble  in  aqueous  iodide  of  potassium  than  in  water.  Insoluble  in 
alcohol  of  specific  gravity  0*81.  Soluble  in  warm  sulphuric  add  without  decomposition 
of  the  iodie  add.    (Berzelius.) 

At  a  low  red  heat,  the  salt  melts  and  froths  up,  and  is  converted,  with  loss  of 
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3.  Wtth  Iodide  of  Suditim,  Nia.NaIO«.10HH)  (Mitscherlich);  3NaL2NaIO«. 
19HK)  (PennT);  3NaI.2NaIO>.20HH)  (Harignac)  —This  compound,  diseoro^  hy 
Mitscherlieh  (Pogg.  Ano.  xi.  162;  xvii.  481^  is  obtained  by  disBolTing  iodine  in  a 
cold  and  not  very  concentrated  aqneooa  solution  of  caustic  auda  (or  Uie  carbonate, 
according  to  Penny)  till  it  begins  to  turn  brown,  then  learing  it  in  a  cold  place  till  it 
OTitalliiea.  Prinns  of  pure  lodate  of  sodium  then  first  appear,  but  afterwards  redis- 
aoiiTa,  and  are  replaced  by  this  compound  (Mitscherlieh).  The  same  crystals  are 
produced,  in  a  few  days  by  immersing  crystals  of  iodate  of  sodium  in  a  strong  solution 
at  the  iodide,  and  leaTing  the  liquid  to  itself  at  a  tempezatoze  not  above  \6P  (Penny, 
Ann.  Ch.  Pharm.  zzzru.  202).  The  oystals  are  hexagonal  tables  oB .  ooB,  wiui 
-I-  R,  -  }R  and  other  fiices.  Angle  oB  :  B  -  116^  7' ;  oB:  -  ^B  -  138<>  10 
'Marignac;  Jahresh.  1867,  p.  124).  When  heated  they  first  gi^  off  water,  then 
oxysen,  with  a  trace  of  iodine.  Cold  water  dissolves  them  without  deeompoaitMin,  but 
alcohol  dissolTes  the  iodide  of  sodium,  learing  the  iodate. 

Acid  lodaUs  of  Sodium. — ^When  an  aqueous  solution  of  trichloride  of  iodine  is  mixed, 
first  with  mono-iodate  of  sodium,  then  with  alcohol,  the  di-iodate  separates  out,  but 
this  salt,  if  dissolyed  in  water  and  evaporated,  yields  crystals  of  the  mono-iodate,  and 
an  add  mother-liquor  (Serullas,  Ann.  Ch.  Pnys.  xlr.  69).  By  evi^xurating  idso  a 
mizton  of  the  iodate  with  excess  of  iodic  acid,  the  neutral  salt  cnrstaUises  out  first, 
and  tiien  the  iodic  add  (Bammelsberg).  Penny  obtained  a  di-add  and  tri-acid 
■alt^  by  treating  the  mono-iodate  with  nitric  add. 

loda  ie  of  Tin,  —Iodate  of  sodium  forms,  with  dichloride  of  tin,  a  predpitate  which 
is  white  at  first,  but  soon  turns  yellow,  brown  and  grey,  yielding  tetrachloride  and  di- 
oxide of  tin  and  free  iodine. 

lodatea  of  ITranfum.— The  urtmie  salt,  XTO«.IH)».6H«0  or  (U»0T(I0^*.5H»0, 
is  obtained,  by  double  decomposi^n,  as  a  yellow  predpitate  which  dissolves  with  diffi- 
culty in  nitric  add,  leaves  uranoeo-uranic  oxide  when  isnited,  and  is  decomposed  by 
potash.  Uranoui  iodute  is  obtained  by  precipitation  from  uranous  chloride,  as  a 
greyiah-green  substance,  which  soon  decomposes,  being  partially  converted  into  the 
unwic  salt. 

lo  da  te  of  Yt  t  rium, — PredpitaUe  from  concentrated  solutions ;  remains  as  a  crys- 
talline crust  on  evaporation.  It  is  anhydrous,  dissolves  in  160  pts.  water,  and  when 
tuddenly  heated,  decomposes  with  explodon  and  defiagration. 

lodate  of  Zine,  Zn(I0^*.2HK).~To  prepsjw  this  salt,  a  solution  of  sulphate  of 
sine  and  iodate  of  sodium  in  equivalent  proportions  is  evaporated  to  dryness,  and  the 
lesolting  sulphate  of  sodium  is  dissolved  out  by  water.  lodate  of  dnc  then  remains 
as  a  white  powder,  soluble  in  76*9  pts.  of  hot,  and  118*8  pts.  of  cold  water,  soluble  also 
in  nhric  acid  and  in  ammonia.  The  ammoniacal  solution  yields  by  spontaneous  eva- 
poration, or  on  addition  of  alcohol,  a  crystalline  salt  consisting  of  3Zn(IO')'.8NH'  or 
9(N*H*Zn)^IO*)*.2NH'.    It  is  decomposed  by  water,  with  separation  of  oxide  of  zinc 

lodate  of  sine  leaves  oxide  of  sine  when  ignited. 

Periodic  Acid,  Anhydride  and  Salts, 

V«Hodie  or  Byperiodie  meld.  HIO*  or  HK).PO',  or  according  to  Lang^ia, 
H^ICor  6HH).I*0'.  (Magnus  and  Ammermiiller,  Po^.  Ann.  xxviii.  614. — 
Benckiser,  Ann.  Ch.  Phann.  xvii  264.— L  angle  is,  Ann.  CL  Phys.  [3]xxxiv.  267 ; 
Jahresh.  1862,  p.  346.)— This  add,  which  was  Recovered  by  Magnus  and  Ammer- 
mfiller  (Pog^.  Ann.  xxviii  614\  is  produced,  in  the  fbrm  of  a  disodic  salt*  by  the 
action  of  chlonne  on  a  solution  of  iodate  of  sodium  mixed  with  carbonate  of  sodium  or 
caostic  soda: 

NalO*  +   3NaH0  +  Q*     -     Na«H»IO«  +  2Naa 

Sodic  Disodic 

lodau.  periodata. 

A  good  method  of  preparing  it  is  to  add  1  pt  of  iodine  to  a  solution  of  7  pts.  carbonate 
of  aodinm  in  100  pts.  water,  and  pass  chlorine  into  the  heated  liquid  as  long  as  apred- 
pitate  oontinnes  to  form.  This  predpitate,  which  consists  of  disodic  pcriMiate,  is  dis- 
aolved  in  nitric  add  perfectly  fr^  from  nitrons  add ;  nitrate  of  silver  is  then  added; 
the  resulting  yellow  precipitate  of  diaigentic  periodate  Ib  dissolved  in  hot  dilute  nitric 
add;  and  the  solution  is  concentrated  at  a  moderate  heat^  till  Uie  monargentic  per- 
iodate, AgIO\  crystallises  out;  this  salt,  separated  from  the  mother-liquor,  is  treated 
with  odd  water,  which  extracts  half  the  periodic  add,  reproducing  the  diaigentic  per- 
iodate ;  and  the  filtered  solution  is  evaporated :  pure  periodic  add  then  crystallises 
out  (Magnus  and  Ammerm idler).  Another  method  is  to  predpitate  the  solution 
0f  the  disodic  salt  in  nitric  acid  with  nitrate  of  lead,  decompose  the  predpitate  of  per- 
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penUtbasw  stdt,  Ba*IH)'*  or  6BaO.IK)^,  is  obtained  by  igniting  iodate  of  barium  or  a 
mixture  of  iodide  and  peroxide  of  barium,  and  dissolving  out  Uie  iodide  of  barium  from 
the  residue  with  water.  Its  solution  in  nitric  acid  yields  with  nitrate  of  silver  a  yellow- 
brown  precipitate  of  basic  penodate  of  silver.  (Bammelsberg,  Pqgg.  Ann.  xliv.  272.) 

A  salt  containing  half  as  much  base  as  the  last,  vis.  Ba*(IO*)U'0'  or  5Ba0.2lH)%  is 
precipitated  by  ammonia  from  the  solution  of  the  pentabasic  salt,  or  from  a  mixture 
of  a  soluble  biirium-salt  with  monobasic  periodate  of  sodium  dissolved  in  nitric  acid ; 
also  on  mixing  nitrate  of  barium  with  dibasic  periodate  of  sodium.  The  precipitate 
contains  5  at.  water,  which  are  given  off  at  100^ ;  by  longer  exposure  to  this  tempenk- 
ture,  the  salt  is  completely  converted  into  iodate  of  barium.    (Rammelsberg.) 

A  dibarytio  or  dtbasie  salt^  BaH*IO*  or  2Ba0.3HK)JK)',  is  obtained  by  adding 
bazyta-water  to  a  solution  of  the  corresponding  sodium-salt  mixed  with  a  few  drops  of 
nitric  acid.  It  is  a  white  precipitate  which  decomposes  at  a  red  heat,  yielding  the 
pentabaiytic  salt  (L  a n  g  1  o  i  s) : 

10BaH»IO«  -  2Ba»(I0«)«  ■¥  I*  ■¥  0«  +  16HK). 

Periodate^  of  Calcium.—A  dicaldc  salt,  CaH'IO*  or  2Ca0.3H«OJ'0»  (atlOO*), 
is  obtained  by  decomposing  the  sodium  salt,  NaH^IO',  with  nitrate  of  calcium,  as  a 
white  precipitate,  which  appears  crystalline  under  the  microscope,  and  when  heated 
gives  off  water,  oxygen,  and  iodine,  and  leaves  the  pentacalcic  salt,  C&*I*0"  (La  n  g  1  o  i  s). 
The  latter  it  likewise  obtained,  but  mixed  with  lime,  by  igniting  iodate  of  calcium  in  a 
close  vesseL 

Periodati  of  Copper,  Cu'HIO*  or  4CuO.H*O.IK)',  is  precipitated  by  mixing  the 
solutions  of  sulphate  of  copper  and  the  monosodic  salt — a  considerable  quantity,  how- 
ever, remaining  in  solution — or  by  the  action  of  aqueous  periodic  acid  in  slight  excess 
of  hydrated  carbonate  of  copper.    (L  a  n  g  1  o  i  s.) 

Periodates  of  Iron, — Iron-salts  (feirous  or  ferric^  form,  with  solution  of  periodate 
of  sodium,  yellowish  white  precipitates,  easily  soluble  in  nitric  acid  (Bene kiser). 
According  to  Langlois,  periodic  acid,  in  contact  with  ferrous  oxide,  is  reduced  to  iodic 
acid,  and  ferric  iodate  separates  out    Similar  reaction  with  manganous  oxide. 

Periodates  of  Lead.— Atnplumbic  or  tribasicsalt,  Pb«H*(IO*)«or  3Pb0.2H»O.I»0', 
is  precipitated  on  mixing  1  at.  of  the  disodic  salt  with  3  at.  nitrate  of  lead,  in  micro- 
t«ciipic  crystals,  which  do  not  suffer  any  loss  of  weight  between  120^  and  130^,  but,  at 
a  higher  temperature,  give  off  water,  oxygen,  and  iodine,  aud  leave  an  oxyiodide  of 
lead  containing  PbP.dPbO  (Langlois): 

2Pb>HXI0«)«  -  PbI«.6PbO  +  0>»  +  I«  +  4H«0. 

Periodate  of  Lithiumt  Li*IO*? — ^By  treating  carbonate  of  lithium  with  periodic 
acid  and  evaporating  the  solution  at  a  gentle  heat,  a  crystalline  mass  is  obtained,  which 
dissolves  completely  in  water,  and  when  dried  in  a  vacuum,  and  then  heated  to  redness, 
gives  off  successively  water,  oxygen,  and  iodine,  but  vrithout  undeigoing  complete 
decomposition.     (Langlois.) 

Periodate  of  Magnesium. — liagnesium-salts  are  not  precipitated  b^  solution  of 
periodate  of  sodium.  Carbonate  of  magnesium,  immersed  in  aqueous  penodic  acid,  is 
converted  into  insoluble  periodate  of  magnesium,  which  dissolves,  however,  in  excess 
of  the  arid*  The  salt  consists  of  small  prismatic  crystals,  which,  when  dried  at  mean 
Umperatures,  contain  2MgH>IO«.9H»0  or  2Mg0.3H"O.PO'  +  9  aq.,  give  off  9  at. 
water,  at  100^,  and  leave  pure  magnesia  when  ignited.    (Langlois.) 

Periodates  of  Potassium. — The  monopotassio  salt,  KLO*,  is  precipitated  in 
sparingly  soluble  crystalline  grains  on  passing  chlorine  into  a  solution  of  the  iodate 
mixed  with  potash  or  carbonate  of  potassium.  Its  aqueous  solution,  mixed  with 
caustic  potash,  yields  the  Uirapotassic  salt,  K-0.2KI0«  or  2K*0.I*0',  which  is  also 
sparingly  soluble  in  water,  and  is  converted  by  ignition  into  a  mixture  of  pota«h  and 
iodide  of  potassium.  The  neutral  salt  when  ignited  leaves  the  pure  iodide.  (Magnus 
and  AmmermuUer.) 

Periodates  of  Silver. — Nitrate  of  silver  added  to  a  solution  of  disodic  periodate, 
throws  down  a  greenish  yellow  precipitate,  which  is  a  basic  periodate  of  silver.  By 
washing  it  with  water  containing  nitric  acid,  then  dissolving  it  nearly  to  saturation  in 
warm  nitric  acid,  and  evaporating  by  heat,  the  monoargentic  salt,  AglO^,  is  obtained 
in  anhydrous  orange-yellow  crystals.  This  salt  is  decomposed  by  warm  water,  which 
dissolves  out  half  the  acid,  leaving  a  blackish-brown  residue  of  the  tetrargeniie  salt, 
2AgH)J*0^H«0  or  AgK).2AgI0MI*0,  which  turns  red  by  trituration.  Cold  water 
decomposes  the  salt  in  like  manner,  but  the  residual  salt  is  a  yellow  powder,  consisting 
of  Ag'H'IO*  or  2AgH).3E''O.PO',  and  separates  fh>m  a  solution  in  dilute  lightly 
warmed  nitric  acid,  in  strjiw-yellow  crystals,  which,  according  to  Rikmmelaberg 
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(Jahresb.  1857,  p.  125),  are  rfaombohedral,  exhibitinff  the  oombinatioD  R  .  —IB .  oR. 
For  R,  the  ratio  of  the  seoondanr  axes  to  the  pzinoipu  axis  »  1 :  3*0658.  An^^  R :  B 
in  the  terminal  edges  «  74^  0  ;  oR  :  R  -  112<'  45'.  The  CTystaia  beeoma  ^aAm- 
coloured  by  exposure  to  light  On  pouring  boilins  water  on  these  erjstals  or  oa 
the  yellow  powaer,  2  atoms  of  water  are  removed,  and  the  red  salt  above  sMatioaed  is 
proouoed.    (Magnus  and  Ammermuller.) 

Periodaiet  of  Sodium. — The  numosodie  salt,  NalO*,  is  obtained  bj  aaturatiBg 
the  disedit  salt  with  periodic  acid,  and  evaporating.  It  is  oolouriea,  Terj  sohible  is 
water,  anhydrous,  emtallises  readily,  and  is  permanent  in  the  air  (Ma^us  and 
Ammermuller).     The  cnrstals  are  dimetric,  P.  Poo.     For  P,  the  ratio  of  the 


secondary  axea  to  the  principal  axis  is  1 :  1*59.  An^e  P :  P  in  tiie  terminal  edam 
«>  99^  30' ;  in  the  lateral  edsee  i-  182^  4'.  The  crTStals  are  oolouriess.  (BaMmelt- 
berg,  loe.  dt,) 


The  disodic  or  dibasic  salt^  Na*H^O*  or  2Na*0.3H*O.PO*,  is  obtained  hy  i 
chlorine  gas  into  a  hot  solution  of  1  pt  iodine  and  7  pts.  carbonate  of  sodium  in  100  pis. 
water,  or  into  a  solution  of  1  pt  iodate  of  sodium  mixed  with  3  pts.  of  caustic  soda 
(Magnus  and  Ammermfiller).  Langlois  uses  eoual  weights  of  caustic  soda  and 
the  iodate,  and  to  obtain  a  solution  as  concentrated  as  possible,  first  dissolves  the 
caustic  soda  in  water,  then  adds  the  iodate,  and  suirounds  the  filtered  solution  with 
hot  water  ^diile  the  chlorine  is  passing  into  it ;  the  sodic  periodate  then  separates  in 
considerable  quantity,  as  a  crystalline  powder,  haying  the  composition  just  mentioned. 
It  is  sparingly  soluble  in  cold  water,  somewhat  more  in  warm  water,  aad  may  be 
obtained  in  the  aystalHne  form  from  a  boiling  solution  of  the  neutral  a^  nuxtd 
with  caustic  soda.  At  a  idiite  heat,  it  gives  off  3  at  water  and  8  at  ozygso,  and  kcves 
an  oxyiodide  of  sodium : 

2Na«H«I0«  -  3IP0  -  0«     -    Na*I«0. 

At  a  low  red  heat,  it  loses  only  8  at  oxygen,  leaving  a  residue  of  ktmModiie  oi  sodivn, 
NaUH)*  -  2NaH).P0  (or  periums  a  compound  of  iodide  and  iodiie  of  sodinai, 
2NaI  •»-  3NaH)J'0'orNaLNa*O.NaIO*).  This  compound  is  sparingly  soluble  in  watic; 
has  an  alkaline  reaction,  and  bleaches  vegetable  colours,  but  loses  this  property  when 
boiled  with  water,  iodate  of  sodium  being  then  formed,  and  the  salt  baeoming  easily 
soluble.     On  exposure  to  the  air  it  turns  moist  and  gradually  yields  firee  iodine. 

PeriodaU  ofZine. — Hydrated  earbonate  of  sine  is  converted  br  aqueous  periodic 
add  into  a  granular  powder  of  periodate  of  xinc  Zn*HIO*  or  4ZnO.HH).IH)',  wfakh 
dissolves  readily  in  excess  of  the  acid,  forming  a  solution,  which,  when  evaporated  at  a 
gentie  heat,  yields  laminar  crystals  of  another  salt  containing  3Zn0.7HH>.2IK>',  La. 

a  double  per-iodic  molecule,  Zn>H"I«0»*  -  /i^ul^"    (Langlois.) 

m  or.     Sea  SkLF- 


lOBZmi,  Sa&SVI9fl^  SraMIIBfl^  and 

XCIU1C,  SoLFHtrB,  and  Txllubzum,  Iodidxs  of. 

lOBXTa*  lOBorvmiTB,  iobio  mruwrn 

SiLyBR,  lODIBB  OF.) 

lOBOBSMZOZO  ACrZB.    0^10'.— An  add  produced  by  the  action  of  hydriodi* 
add  on  diacobenzo-oxybensamic  add : 


Native  iodide  of  aQver.    (See 


Diasobeoso* 

oxjbensamie 

•cfd. 


2HI 


(TH^O^.m 

U7driod4t«  of 

oxybeniamtc 

acid. 


+  (rH»IO«  +  S*. 


It  crystallises  in  needles,  is  heavier  than  water,  easily  soluble  in  akdhol;  sublines 
without  decomposition ;  forms  a  white  nlver-salt  CH^AfflO',  inffokHft  in  water  and 
in  alcohol;  is  converted  by  fanning  nitric  add  into  nitro-iodobensoie  add.  (Oriess» 
Ann.  Ch.  Pharm.  cxiii.  201.) 

lOJH^WMUOXmm    Syn.  with  Iodide  of  Bmdne.    (See  Bxucm^  L  683.) 

XOBO-OAOUTOSXy.    See  Caoutokin  (i  737). 

XOBO-CTKXiOmo-WXTaOHAmiKDnL    Syn.  vrith  Di-iodide  of  Ghkro-nftro* 
harmine.    (See  HABMiini,  iii  12). 

See  CorcHOMniB  (L  979). 

C*H'IO'?— When  dnnamic  add  ie  melted  with 
excess  of  iodine,  and  the  dark  brown  mass  is  boiled  with  water  till  all  the  firee  iodine 
is  volatilised,  the  liquid  on  cooling  yields  small  colourless  stellate  erystals  of  iododa- 
namic  add,  which  acquire  a  &int  yellow  colour  on  exposure  to  the  air.  The  add 
dissolves  essily  in  hot  water  and  in  alcohol    (Herzog,  N.  Br.  Arch.  zx.  147.) 
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BjJL  with  Iodide  of  CodeinflL  (See  CoDubra,  L  1068). 
CHP.  Di-iodated  iodide  of  methyL  (Gm.  yil  830;  Gerh.  1609.) 
— This  comDound,  which  wu  diseoTered  in  1824  by  SerulUs  (Ami.  Ch.  Phys.  zxt. 
814),  ie  iirodnced  bv  Uie  action  of  iodine  and  alkalis  or  alkaline  carbonates  on  wood- 
spirit,  akohol,  or  ether ;  in  small  quantity  also  by  the  action  of  the  same  substances  on 
eane-svgar,  glvooee^  gum,  dextrin,  and  several  albuminous  substances.  It  has  ab>o 
been  observed  among  the  pFoducts  obtained  by  heating  glycerin  with  hydriodic  acid. 
(Erlenmeyer,  Jahresb.  1861,d.  668.) 

Prrvaration. — 1  pt  of  alcohol  is  added  to  a  solution  of  2  pts.  crystallised  carbonate 
of  eooium  in  10  pts.  water;  the  liquid  is  heated  to  60  or  80^ ;  and  1  pt  of  iodine  is 
added  by  small  portions,  till  it  is  entirely  dissolved,  and  the  liquid  has  become 
colourless.  Iodoform  then  makes  its  appearance  towards  the  end  of  the  operation  and 
sinks  to  the  bottom  of  the  hot  liquid,  which  must  be  filtered  to  collect  this  first  portion 
of  the  product  The  mother-liquor  is  then  again  heated  to  OO*'  or  80^ ;  another  portion 
of  carbonate  of  sodium,  equal  to  the  former,  is  dissolved  in  if. ;  a  fresh  portion  of  alcohol 
is  added ;  and  a  current  of  chlorine  is  passed  into  the  liquid,  which  must  be  continually 
agitated,  so  that  the  iodine  which  separates  may  mix  well  with  it  When  the  proc*^6S 
is  SO  conducted  that  a  slight  excess  of  iodine  is  constantly  present,  iodoform  is  produced 
in  abundance.  When  a  considerable  Quantity  has  been  deposited,  the  stream  of  chlorine 
is  interrupted,  the  liq)ud  is  left  to  decolorise,  and  the  second  portion  of  iodoform  is 
added  to  the  first  The  mother-liquor  may  then  be  treated  wito  chlorine  and  a  third 
portion  of  iodoform  obtained.  The  process,  when  properly  conducted,  yields  a  quantity 
of  iodoform  weighing  40  or  50  per  cent  of  the  iooine  used.  Care  must  be  taken, 
throughout  the  operation,  to  avoid  a  great  excess  of  iodine,  as  in  that  case  the  iodoform 
will  not  be  produced  at  alL  Borax  maybe  used  instead  of  carbonate  of  sodium,  and 
will  yield  a  product  of  equal  amount  With  phosphate  of  sodium  the  product  is  not 
so  good.     (Filhol,  J.  Pharm.  [3]  vii.  267.) 

Cornelius  and  Gille  ^t^.  xxii.  106)  prepare  iodoform  by  adding  hypochlorite 
of  calcium  to  an  alcoholic  solution  of  iodide  of  potassium  heated  to  40^,  continuing  the 
addition  till  the  liouid  becomes  colourless.  It  then  on  cooling  yields  a  cirstalline  de- 
posit, consisting  of  iodoform  mixed  with  iodate  of  calcium,  &om  which  the  iodoform 
may  be  dissolv^  by  boiling  alcohol  8  pts.  of  iodide  of  potassium  jrield,  by  this  process, 
2  pts.  of  iodoform  and  2  pts.  of  iodate  of  calcium. 

ProperHes, — Iodoform  crvstallises  in  nacreous  scales,  friable,  soft  to  the  touch,  bavins 
a  sulphur-yellow  colour  and  the  odour  of  saffiron.  According  to  Rammelsberg  and 
Kokscharow  (Jahresber.  1857,  p.  431),  the  ciystals  are  hexagonal  combinations 
oP  .  P.  For  P  the  ratio  of  the  secondary  axes  to  the  principal  axis  is  0*9025  :  1. 
Angle  P  :  P  in  the  terminal  edges  -  133°  36';  in  the  lateral  edges  -  104°  Specific 
gravity  about  2*0.  Melts  between  115**  and  120®,  and  then  vaporises,  partly  with- 
out alteration,  partly  resolved  into  iodine  and  hydriodic  acid,  with  a  residue  of  char- 
coal. With  vapour  of  water  it  distils  undecomposed.  It  is  not  perceptiblv  soluble  in 
tpo/rr,  acids,  or  aqueous  aUtaUs,  but  dissolves  readily  in  alcohol,  ether,  and  oils,  both 
fixed  and  volatile. 

DeoomposiHons, — 1.  Iodoform  heated  in  a  sealed  tube  to  150°,  either  alone  or  with 
iodine,  is  resolved  into  di-iodide  of  methylene,  and  a  number  of  brown  substances  not 
yet  examined  (H  of  man  n,  Chem.  8oc  J.  xiii  65). — 2.  Iodoform  is  acted  upon  by 
bromine,  yielding  bromiodofbrm,  CHBr*L — 3.  With  moist  chlorine,  it  yields  chlovt>- 
carbonic  oxide,  hydrodiloric  add,  and  protochlorids  of  iodine : 

CHI"  +  H«o  +  a«   =   coa«  +  3Ha  +  sicl 

—4.  Heated  with  pfniachhHde  of  phosphorus,  it  yields  an  oily  liquid,  perhaps  chloro- 
form, or  according  to  Butlerow,  di-iodide  of  methylene.  CH*I*.—  5.  Distilled  with  chloride 
of  mercury,  lead,  or  Hn,  it  yields  chloriodoform,  CHCl^I. — 6.  Distilled  with  sulphide 
of  mercury,  it  vields  a  small  quantity  of  an  oily  liquid,  which,  according  toBonehardat 
(J.  Pharm.  xxiiL  12)  is  sulpnoform,  C^HSP;  but  according  to  Eggert  (Chem.  Centr. 
1857,  p.  513)  is  nothing  but  disulphide  of  carbon. — 7.  With  cyanide  of  mercury  oi 
cyanide  of  silver  it  yiel(£  a  sublimate  of  iodide  of  cyanc^n. — 8.  When  cyanogen  gas  is 
passed  into  an  alcoholic  solution  of  iodoform,  the  liquid  becomes  heated  and  asAumes 
A  violet  tint ;  and  if  then  left  at  rest,  deposits  gulden-yellow,  prismatic  cxystaln,  from 
which  alcohol  extracts  two  substances  having  a  strong  metallic  lustre;  one  with  a 
greenish  gold,  the  other  with  a  violet  colour ;  the  latter  appean  to  he  cyanide  of  di-iodo' 
methyl,  CH1*.C^  (St-E  vre,  Compt  rend,  xxvii.  533).— 9.  Heated  with  alcoholic  solution 
of  sulphoeyanate  of  potassium  to  100®  in  sealed  tubes,  it  yields  a  gas  and  oily  compound 
which  has  an  odour  of  horse-radish,  and  forms  a  crystalline  compound  with  ammoma, 
though  not  so  readily  as  oil  of  mustard  (Hlasiwetz,  Ann.  Ch.  Phann.  cxii  184).— 
U).  MercxHc  oxide  gently  heated  with  iodoform  atts  eceigetieayj  upon  it,  producing 
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tor,  carbonic  anhydride,  formic  acid,  an< 
tb  aqueous  potash  is  partly  converted  into  i 
(rever,  volatiliaing  with  the  watery  Tapoi 
aid  which  Briining,  who  first  obtained  i 
HPO^  but  which,  according  to  Butlerov 
ylaie  of  sodium^  iodoform  yields  iodide  of 
liom  and  aldehyde  (Bntlerow,  Ann.  Ch. 

C«H»NaO  +   CHP     -     C 

cording  to  more  recent  experiments  bv  B 
}ear8  that  aciylic  acid,  C'H'O',  and  ethyl 
this  reaction. 

14.  Iodoform  heated  with  potassium  produ 

15.  With  triethiyl-phosphine^  iodoform  nnit< 
» tri-iodide  of  formyl-nonethyl-triphosphon 

CHP  +   8(C«H»)«P     -     C»»H*«I 

EOBOXiZTa.  A  meteoric  mineral  mentio: 
others  which  hare  been  but  imperfectly 
I ;  XV.  863.) 

EOBOMXCOVS.  C*H«I*0'.    (J.  BroT 

(Stance  formed  by  treating  pyromeoonic 
ine: 

C»H«0»  +  8IC1   +  4HH)     - 

addinff  potash  to  the  yellow  liquid  thus  o 
T  of  iodopyromeconic  acid)  u^^^iiro  iodom 
ich  redissolves  on  a^tation.  The  additioi 
this  precipitate  exhibits  a  lighter  colour, 
;  increased  by  fresh  additions ;  and  by  th 
inth  cold  water,  and  repeatedly  ciystallisi 
»ined  in  the  pure  state.  It  may  be  obtaii 
aenie  acid,  which  differ  from  pyromeconi 
lydride. 

[odomecone  forms  shining  yellow  hexagon 
t  of  saffiron ;  it  has  neither  an  acid  nor  an 
insoluble  in  water,  soluble  in  alcohol  and 
ich  does  not  decompose  it  even  at  the  boi 
ric  acid,  and  with  aid  of  heat  by  strong  s 
ling,  abstracte  from  it  a  small  portion  of  i 
lOBOMCBCOJmr.  SeeMEOOioN. 
tOPOHniTiil  wajWMm  See  Melaniij] 
EOBOKBSCmULTBS.  Compounds  < 
ides.  (See  Msbcubt,  Iodidis  of.) 
[0»OiaBTBT:LAMXV&     SeeMsTHl 

EOBonoiTBTZi-SBXjnrzous  Acn 

[OBOMOSVBZVa.  See  MoRPHiifB. 
[OBOWZCOTXara.  See  Nicotdib. 
[OBOVXTROBASBDOrB.  Syn.  with 
EOBOWZTBOyBBirZC  ACZB.  See  ] 
[OBOyAPAVBBZVB  See  Papavbbi 
EOBOyBBBnAMZVB.  See  Phbkti 
[OBOyBBWT&CZTBACOBZMZBB. 
993). 

[OBOVXAWTli.    Syn.  with  Iodoicbcomi 
[OINIF&ATZVATBS.      Compounds 
ides.    (See  PLATDnjM,  Iodides  of.) 
EOBOFBOPTUBVB     See  Alltl,  Iodi 
[ODOVTBXTB     Syn.  with  Ioditb. 
COBOYTBOBEBGOBZC  ACZB.     See  ] 
COBOQVZmHB.     See  QuiNmB. 
EOBOSA&XCnxZC  ACZB.    See  Salic 
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lOBOSTmTOSvm.    See  STBTcmmnL 


SOUC-SUaSTlTUTlOV  COBCPOinreB.  Iodine,  though  generallj  spealdiig 
▼ery  siitiilar  in  its  action  to  chlorine  and  bromine,  acts  for  the  most  part  lees 
energeticallj,  and  is  mnch  less  disposed  to  form  snbstitntion-compoands  by  direct 
action.  Some  oomponnds  containing  nydrogen,  indeed,  are  acted  upon  by  iodine  in  the 
■ame  manner  as  by  bromine  or  chlorine,  part  of  the  hydrogen  being  abstracted  to  form 
hydriodic  acid,  and  its  place  being  supplied  by  an  equivalent  quantity  of  iodine ;  such 
is  the  case  with  ammonia  (iii.  280X  ethylamine  (iL  536),  methylamine,  and  phenylamine. 
But  iodated  organic  acids  cannot,  for  the  most  parti  be  formed  in  this  way ;  to  produce 
them  from  the  original  acids  it  is  necessaiy  to  use  chloride  of  iodine  instead  of  free 
iodine,  so  that  the  superior  affinity  of  the  chlorine  for  hydrogen  may  remore  it^  and 
enable  the  iodine  to  take  its  place  (p.  294)  t.  g, : 

c»H*o«  +  la   -  Ha  +  c»OTo». 

Pyroro*--  lodopyrt^ 

eonle  add.  meconlc 

acid. 

On  the  other  hand,  K  ek  u  1 6  (Chem.  Soc  J.  xrii  206)  has  lately  shown  that  many  iodo- 
■abttitotion  compounds  are  decomposed  by  hydriodic  add,  iodine  being  set  firee  and 
the  original  acid  reproduced,  e,  g, : 

C«H»IO«  +  HI     -     C»H«0»  +  P. 
lodopropi-  ProploQie 

onic  add.  add. 

It  is  erident  that  where  this  reaction  takes  place,  it  is  impossible  that  an  iodised  com- 
pound can  be  produced  by  the  direct  action  of  iodine  on  an  organic  acid.  [For  an 
exception,  perhaps  onl^  apparent,  to  this  rule,  see  Salictlic  acid.] 

The  action  of  hydriodic  acid  on  iodated  organic  compounds  just  noticed  explains 
the  reducing  action  which  it  exerts  on  certain  organic  adds  (p.  285).  The  reaction 
taikes  place  in  two  stases,  an  iodo-subetitution  compound  being  first  formed,  and 
subsequently  decomposed  in  the  manner  above  explained,  e,  g.: 

CHH)"     +  HI     -     HK)  +  C»OTO«. 

GlycoUie  lodacetic 

add.  acid. 

c«mo'   +  HI     -     P       +   C«H«0«. 

lodacetic  Acetic 

acid.  add. 


ZOBOSV&VBZBB  OT  AVTZMOVT.     See  Amtdcont  (I  838). 
S01>0TB&&inUkTB8«    See  Tsllubtux,  Iodids  of. 
ZOIMITO&VT&IO  ACrZB.    See  Tolutuc  acid. 
SO&ITB.    Syn.  with  DxoHsoin  (ii.  320). 

SOnAVKTBZar.  This  name  is  given  by  Carey  Lea  (SilL  Am.  J.  [2]  xxtii. 
211)  to  a  colouring  matter  obtained  in  preparing  naphthylamine  &om  nitxonaphthylene 
by  the  action  of  ferrous  acetate  {Ctmelin^s  Handbook,  xiv.  95,  5).  If  the  mixture  is 
heated  befofe  being  treated  with  caustic  potash,  a  faint  red-coloured  liquid  distils  over, 
which  turns  violet  on  addition  of  mineral  adds,  and  if  subsequently  heated,  assumes  a 
dark  purple-blue  colour,  and  after  a  while  yields  a  black  crystalline  predpit-ate,  the 
quantity  of  which  is  increased  by  further  heating ;  this  is  ionnaphthin.    The  crystals 

""    '      '  •  -.-«-• fl—  -jj^  dissolve  in  alcohol  with  blood-red  colour, 

intity  of  sulphuric  or  nitric  add,  changes  to 
t  altered  by  heating  with  sulphuric  add,  but  is 
dd.  From  the  brown  mother-li<^nor,  ammonia 
ich  are  insoluble  in  water  and  m  alcohol,  are 
bichromate  of  potash,  and  then  form  a  violet 

ibstance,  the  root  of  several  plants  mwing  in 
leariy  tiie  same  ingredients,  but  diner  in  the 
which  they  contain.  The  best  is  the  annulated, 
11  shrubby  plant  of  the  rubiaceous  order,  native 
d  in  commerce  in  pieces  from  2  to  6  inches  long 
:h  bent  or  twist^  and  sometimes  branche<^ 
ing  to  numerous  drcular  depressions  or  defts, 
f  a  number  of  rings.  It  consists  of  a  central 
aal  portion  called  the  cortical  part.  Each  of 
cater  portion  exists  in  the  cortical  part. 
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The  following  are  analynes  of  different  kinds  of  ipecacuatthii : 


« 

b 

« 

Conical 

■''       Meil. 

v*n. 

talUam. 

Fatty  matter 
Wax     .         .        . 

!  { ^'^ 

2 

6 

tnoe 

S 

Resin   . 

!       1-2 

Emetin 

.     16-0 

16 

M5 

14 

Non-emetic  extract 

•      •  • 

2-45 

Gum    , 

.       2-4 

io 

6-00 

16 

Albumin 

.       2-4 

Starch  . 

.     63-0 

42 

2000 

18 

Woody  fibre . 

.      12-6 

20 

66-40 

48 

Gallic  acid?. 

.     trace 

Loss     . 

.     11-3 

4 

600 

3 

l60'0 

100 

lUOOO 

100 

a.  Grey  ipecacuanha,  analysed  by  Barmch  and  Richard  (Uie  3*4  per 
includes  saline  mattersl  b.  Blackish-grey,  analysed  bj  Pelletier.  c.  Redduh-grey, 
deprived  of  its  meditullium,  analysed  by  Pelletier.  In  an  aah-grer  Tariety,  FdkCMr 
found  9  per  cent,  fatty  matter,  12  emetin,  and  79  staivh,  gum,  and  woody  fibro. 

Another  sort  of  ipecacuanha  is  obtained  from  the  Ptychotria  emetiea.  This  kial 
contains  only  9  per  cent,  emetin ;  and  the  undulated  or  amylaceous  ipf>carw>nha,  tbt 
produce  of  Richardsonia  scabra^  contains  only  6  per  cejit  emetin,  with  02  per  e«C 
starch.  Besides  these,  the  roots  of  numerous  other  plants  are  used  in  tiopical  oounlm 
as  emetics,  and  often  termed  ipecacuanha.  (Pelouze  etFr^my,  DtmU,  xi.  399.— 
Penny  Cychpadia,  xiii.  17.— Rochleder,  PhytockemU,  s.  131.) 

IPBCV AJrZG  ACZB.  An  acid  existing,  aec(»ding  to  W  i  1 1  i  gk  (Ann.  C9l  Run. 
IxxtL  342),  in  the  root  of  Of  kalis  Ipecacuanha.  It  is  extract^  fh>m  the  root  hj 
boiline  with  slcohol.  precipitating  with  basic  acetate  of  iMd,  and  decomposing  the  lesd- 
salt  with  sulphydric  acid.  It  is  a  reddish-brown,  very  bitter,  amorphous  mass,  sofaible 
m  ether,  more  soluble  in  alcohol  and  water.  It  colours  ferrie  salts  green,  the  ooloor 
being  changed  to  riolet  by  ammonia.  Its  dilute  solution  does  not  precipitate  neutnl 
acetate  of  lead.  When  mixed  with  an  alkali,  it  absorbs  oxygen  from  the  air  sad 
becomes  coloured.  It  gives  by  analysis  66*22  pw  cent  C,  and  6*23  H,  whence 
Willigk  deduces  the  formuk  C'*fi"0*.  Pelletier  (Ann.  Ch.  Phys.  iv.  172)  reguded 
it  as  gallic  acid. 

ZPOBUBZO  AiOSD,  An  acid  produced  by  the  action  of  nitric  acid  on  rixodeoretie 
acid,  a  derivative  of  jalap-resin  (;.  v.)  It  agrees  with  sebadc  add  in  all  its  propertiet 
excepting  its  mating  point-*-which  is  104^,  whereas  sebacic  add  melts  at  127^— «sd  is 
some  of  its  relations  to  bases  (Mayer,  Ann.  Ch.  Pharm.  IxTxiii.  143).     See  Ssbage 


Ir.  AUmde  weight  198'26.~The  black  scales  whidi  remain  wkn 
native  platinum  is  dissolved  in  nitromuriatie  add  were  found  by  Smithson  Teniast 
(PhiL  Trans.  1804)  to  consist  of  an  alloy  of  two  metals,  iridium  and  oemiom,  heooe  ctlki 
iri  dos  mi ne.  The  same  alloy  occurs  in  flat  white  metallic  grains  in  native  pfatiniwi 
Iridium  has  also  been  observed  in  combination  with  about  20  per  cent  of  piadna, 
crystallised  in  octahedrons,  which  are  whiter  than  platinum,  and  are  said  to  hsiv  s 
greater  density,  namely  22*66. 

The  separation  of  the  osmium  and  iridium  is  effected  by  the  following  methods:— 
1.  The  iridosmine  is  mixed  with  an  equal  weight  of  common  salt^  and  sulgeeted  to 
the  action  of  a  stream  of  chlorine  in  a  porcelain  tube  heated  to  rednees.  DoaUt 
chlorides  of  iridium  and  sodium,  and  of  osmium  and  sodium,  are  then  formed,  and  if 
the  chlorine  is  moist,  a  certain  quantity  of  osmic  add,  which  vdadliaes,  and  m^  be 
condensed  in  aqueous  ammonia.  The  mixture  of  the  double  chlorides  is  detadied  fitm 
the  tube  and  boiled  with  nitric  add.  Osmic  add  is  then  evolved,  and  may  be  eoe- 
densed  in  an  alkaline  solution^  while  the  chloride  of  sodium  and  iridium  remains  in  t^ 
solution,  and,  when  mixed  with  sal-ammoniac,  yields  a  predpitate  of  chloride  of 
iridium  and  ammonium,  which,  on  ignition,  leaves  metallic  iridium.  (Wohler,  Pog^ 
Ann.  xxxL  161.) 

2.  A  mixture  of  100  grms.  of  iridosmine  and  300  erms.  of  nitre  is  placed  ia  u 
earthen  crucible,  and  heated  to  bright  redness  for  an  hour,  the  resulting  mixture  <4 
OHmate  and  iridiate  of  potassium  poured  out  on  a  cold  metal  plate,  then  introdaced  iitto 
a  tubulated  retort,  and  distilled  with  a  large  excess  of  nitric  acid.    A  large  quantity  of 
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known  in  the  Bassiaii  mint  as  '*  iridium-oxide  ** — a  not  quite  unifonn  mixture  oo&« 
twining  iridyittm  aa  ozide^  and  having  the  following  aTeiage  oompoaition: 

Volatile  anhatancee  (and  oinrgen)  .        •        •        •  28*0 

Soluble  aalta  (Naa  and  CaSO«)     ....  120 

Platinum 3*8 

Bhodium 1*8 

Palladium 0*4 

Copper 0-6 

Iron 07 

Iridium  (and  loaa) _627 

1000 

The  aubatanee  is  ignited  in  a  crucible  lined  with  charcoal ;  and  the  residue  is  waahed 
witb  water,  heated  with  strong  sulphuric  add  to  the  boUing  point  of  that  liquid,  and 
again  washed  with  water,  whereby  all  the  soluble  salts  are  removed,  together  with  the 
copper  and  iron.  If  the  amount  of  platinum  is  known,  and  the  object  is  to  prepare  an 
aljojr,  the  muhed  metal  is  heated  to  whiteness  (to  give  it  a  compact  texture),  and  then 
fdaed  before  the  oxy-hydropen  blowpipe.  To  obtain  pure  iridium,  the  crude  metallic 
powder,  after  treatment  with  sulphuric  add,  is  digested  with  nitromuriatic  acid,  the 
greater  part  of  the  iridium  (with  traces  of  rhodium)  then  remaining  behind. 

MetaUie  iridium  is  obtained  from  the  chloride  by  reducing  that  salt  with  hydrogen 
at  a  red  heat,  or  bj  exposing  it  alone  to  a  very  high  temperature,  or  more  easily  by 
igniting  the  chloriridiate  of  ammonium  (p.  314),  in  the  form  of  a  grey  metallic  powder 
much  resembling  apongy  platinum.  It  is  the  most  refractory  of  all  bodies  excepting 
ruthenium  and  osmium ;  not  being  fusible  in  the  flame  of  the  ordinaiy  oxjr-hydrogen 
blowpipe.  Children,  however,  by  the  discharge  of  a  very  large  voltaic  battery, 
succeeaed  in  meltine  it  into  a  globule  which  was  white  and  very  brilliant,  but  still  a 
little  porous,  and  hM.  a  density  of  18*68 ;  and  Deville  and  Debray,  by  means  of  their 
powerihl  oxy- hydrogen  blast  furnace,  have  f^ised  it  completelv  into  a  pure  white  mass, 
resembling  polished  steel,  brittle  in  the  cold,  somewhat  malleable  at  a  red  heat,  and 
having  adenaity  equal  to  that  of  platinum,  viz.  21*15.  By  moistening  the  pulverident 
metal  with  a  sinall  quanti^  of  water,  pressing  it  tightly,  first  between  filtering  paper, 
then  Tery  fordbly  in  a  press,  and  caldning  it  at  a  white  heat  in  a  forge-fire,  it  may  be 
obtained  in  the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good  polish,  but 
still  very  poroiis,  and  of  a  dennty  not  exceeding  16*0.  After  strong  ignition  it  is  in- 
soluble in  all  adds,  but  when  reduced  by  hydrogen  at  low  temperatures,  it  oxidises 
slowly  at  a  red  heat,  and  dissolves  in  nitromuriatic  add.  It  is  usually  rendered 
soluble  by  fusing  it  with  nitre  and  caustic  potash,  or  by  mixing  it  with  common  salt, 
or  better  with  a  mixture  of  the  chlorides  of  potassium  and  sodium,  and  igniting  it  in  a 
current  of  chlorine,  thereby  it  is  converted  into  the  soluble  chloriridiate  of  potassium  or 
sodium. 

ULLDlUBCt  AXiXiOTB  OV.  1  pt  of  iridium  combines  at  a  white  heat  with 
4  pta.  of  copper,  forming  a  ductile,  pale  red  alloy,  which  is  much  harder  than  copper, 
and  gives  up  its  copper  to  nitric  aad,  the  iridium  remaining  in  the  form  of  a  black 
powder. 

With  gold,  iridium  forms  a  malleable  allov,  having  a  colour  very  much  like  that  of 
gold :  nitromuriatic  add  dissolves  out  the  sold  and  leaves  the  iridium. 

1  pt.  of  iridium  and  8  pts.  lead  heated  together  to  an  intense  red  heat,  form  an 
aDoT  which  is  rery  ductile^  but  much  harder  and  whiter  than  lead,  and  behaves  with 
nitnc  add  like  the  copper  alloy.  On  cupellation,  the  iridium  is  left  as  a  soft  black 
powder. 

With  merenry,  iridium  forms  a  visdd  amalgam,  which  is  obtained  by  immersing 
sodium-amalgam  m  an  aqueous  solution  of  chloriridiate  of  sodium.  When  very  strongly 
ignited,  it  leaves  a  blaclc  powder,  from  which  boiling  nitric  add  extracts  a  small 
quantity  of  mercury,  leaving  a  residue  of  pure  iridium,  soluble  in  boiling  nitromuriatic 
add.     (Bottger,  J.  pr.  Chem.  xii.  262.) 

The  compound  of  iridium  and  osmium  is  not,  properly  speaking,  an  alloy,  inasmuch 
as  osmium  is  rather  a  metalloid  than  a  metaL     (See  Ismosicnfs.) 

Platinum  and  iridium  easily  melt  together,  and  form  alloys  wnich,  even  when  they 
contain  20  per  cent  of  iridium,  are  still  malleable  and  capable  of  being  woiked,  but 
are  leas  easily  attacked  by  chemical  reagents  than  pure  platinum.  (Deville  and 
Debray.) 

Equal  weights  of  the  two  metals  form  a  brittle  alloy  capable  of  welding  to  a  certain 
extent.  The  alloy  of  platinum  with  a  few  parts  per  cent,  of  iridium  is  ductile  and  much 
harder  than  pure  platinum,  and  more  capable  of  resisting  the  action  of  fire  and  of  chemical 
reagents  (B  era  el  ins).   An  alloy  made  by  fusing  1  pt.  iridium  and  10  platinum  in  the 
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•dgas.  It  iiutAinB  a  rather  etron^  beat  without  deoompoiitioii,  bat  at  a  higher 
tamperatore  ia  reduced  to  the  tnehloride  and  ultimately  to  metallic  iridium 
(Berselius).  It  diaeolves  in  water,  fonuing  a  reddiBh-yellow  solution.  It  unitee 
with  the  alkaline  chloridei,  forming  definite  cnrstalline  double  ealta  called  chlor- 
iridiatea,  the  general  formula  of  which  ia  M^IrCl*8  2MCl.IrGK  The  ammonium' 
saU,  3NH*CLIrCl*.H'0  or  (NH*)*IrCl<.H'0,  ia  obtained,  on  mixing  the  solutiona  of 
the  component  chlorides,  as  a  reiy  dark  bnywn  precipitate,  which  dissolTes  in  boilins 
water  and  crystallises  in  octahedrons  on  cooling.  It  diaaolves  in  20  pts.  of  cold 
water,  forming  a  dark  red  brown  liquid,  and  imparts  distinct  oobration  to  4,000  pts. 
of  water.  The  red  colour  often  eahibited  by  chloroplatinate  of  ammonium  is  due  to 
small  quantities  of  this  salt  The  aqueous  solution  supersaturated  with  ammonia 
forma  a  pale  yellow  mixture,  which  becomes  perfectly  colourless  when  exposni  to 
lifcht,  but  afterwards  turns  purple,  then  Tiolet,  and  fiiully  assumes  a  beautiful  blue 
colour. 

The  chloriridiates  are  easily  eonyerted,  by  the  action  of  sulphurous  add,  sulphydrie 
acid,  and  other  reducing  sgents,  into  the  more  solubb  chloriridites,  a  reaction  which 
afford*  the  means  of  separating  iridium  horn  platinum,  the  chloropUtinates  being 
but  Tcry  slowly  reduced  under  me  same  oircumstances,  and  not  eon?erted  into  more 
•oluble  salU  (p.  316). 

Tbi^poUumm-taU,  K^IiCl*»  2KClJrCl*,  is  precipitated  on  mixing  the  aqueous  solu- 
tiooa  A  its  component  salts.  It  may  also  be  prepared  by  passing  chlorine  gas  orer  a 
gently  ignited  and  intimate  mixture  of  finely  divided  iridium  and  chloride  of  potassium ; 
ftltenng  from  unaltered  iridium;  dissolying  the  uniused  black-brown  mass  in  hot 
water ;  mixing  it  with  nitromuriatic  acid  and  eyaporating  to  dryness ;  extmcting  the 
excess  of  chloride  of  potassium  by  small  quantities  of  cold  water ;  dissolving  the  residue 
in  boiling  water ;  adding  a  small  quantity  of  nitromuriatic  add ;  and  (>yaporating  to  the 
crystallidng  point.  It  crystallises  in  black  octahedrons,  yielding  a  rra  powder.  It 
disaolyea  yery  abwly  in  cold  water,  but  quickly  in  boiling  water,  forming  a  liquid  which 
appears  deep  red  in  the  mass,  but  yellow  in  thin  films.  It  is  insoluble  in  saline  solu- 
tions and  in  alcohol,  which  predpitatee  it  from  solution  in  water.  The  aqueous  solution, 
mixed  with  excess  of  potash,  behayes  in  the  same  manner  as  the  ammonium-salt  with 
exeeeif  of  ammonia.  At  a  strong  heat,  it  is  conyerted  into  chloriridite  of  potassium, 
and  at  a  still  higher  temperature,  leaves  metallic  iridium  mixed  with  chloride  of  po- 
tassium. The  $odiwatr8aU,  Na'Ira«.6H*0  or  2NaCLIrCl«.6HK),  is  obtained,  like  the 
potassium-salt,  by  pasdng  chlorine  over  a  gently  ignited  mixture  of  iridium  and  chloride 
of  sodium.  It  forms  black  tables  and  four-sided  prisms  with  dihedral  summits,  iso- 
morphous  with  the  correspimding  platinum-salt.  When  heated,  they  leave  the  anhydrous 
salt  in  the  form  of  a  brownish-grey  powder.  It  is  easily  soluble  in  water,  and  the 
solution  mixed  with  sal-ammoniac  yields  a  predpitate  of  cnloriridiate  of  ammonium. 

A  kexehloride  of  iridium  was  obtained  by  Berselius,  in  combination  with  chloride  of 
potassium,  by  fudng  iridosmine  with  nitre,  distilling  the  product  with  nitromuriatio 
acid,  and  treating  the  residue  with  successive  portions  of  water.  A  dark  red  solution 
was  then  obtained,  which  yielded  a  salt  having  the  compodtion  6KCl.IrCl*,  but 
according  to  Glaus,  the  saltthns  obtained  was  really  a  rutheoium-oompound,  having  been 
prepared  by  Berselius  from  iridosmine  containing  ruthenium.  Pure  iridium  fused  with 
nitre  and  distilled  with  nitromuriHtic  add,  yields  a  saltcontainingdichloride  of  iridium. 

ULLDIUIK,  1IST9CTZOW  AJTS  BBTXaCATZOW.  Iridium  in  its  free  state 
is  easily  distinguished  from  all  other  metals,  excepting  rhodium  and  ruthenium,  by  its 
insolubility  in  adds,  not  being  attacked  in  the  compact  state  by  any  acid  whatever, 
and  in  the  state  of  fine  division,  only  very  slowly  by  nitromuriatic  acid.  Ito  infiisibility, 
erven  in  the  ordinary  oxy-hydrogen  blowpipe  flune,  serves  also  to  distinguish  it  from  all 
metals  excepting  rhodium,  ruthenium,  ana  osmium. 

It  may  be  distinguished  from  rhodium  by  fusing  it  in  the  finely  divided  state  with 
acid  sulphate  of  potassium.  The  iridium  is  then  converted  into  sesquioxide,  but  does 
not  dissolve  in  tne  add  sulphate  or  colour  it  red,  as  rhodium  does.  Another  method 
of  distinguishing  iridium  from  rhodium,  and  likewise  from  ruthenium,  is  to  mix  it 
intimately  with  chloride  of  potassium  or  sodium,  heat  the  mixture  in  a  stream  of 
chlorine,  and  dissolve  the  reeulting  double  chloride  in  water :  iridium  thus  treated 
yiel«!s  a  black-brown  solution,  rhodium  a  rose-red,  and  ruthenium  an  ordDge-yellow 
solution.    (See  Rhodium  and  RvTHBxnTX.) 

All  compounds  of  iridium  are  easily  reduced  to  the  metallic  state  by  ignition  inanatmo- 
spiwii'e  of  nydrogen ;  the  reduced  metal  may  then  be  tested  in  the  manner  just  described. 

Iridic  aoiutions  {containing  the  dioxide  or  tetrachloride),  which  are  those  of  roost  fre- 
quent ocenrrence,  are  of  a  dark  brown-red  colour ;  iridoua  solutions  (containing  the 
seeqnioxide  or  trichloride)  have  an  olive-green  colour.  The  characters  of  an  iridic 
solution  are  best  observed  with  diloriridiate  of  sodium,  as  all  the  other  compounds  are 
but  very  slightly  soluble. 
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Ticher  in  oanlimi,  luid  beeimiefl  dvlL  When  ignited  for  some  time  with  nttoe  alone,  or 
with  nitre  and  eaostic  potash,  it  givcfl  off  part  of  the  osmium  aa  oamic  acid,  and  forms 
oamafce  of  potaasiimi,  together  with  iridiate  of  potassium  (p«  314).  According  to 
Fischer  (Fogg.  Ann.  zviii  258)  it  is  more  easily  decomposed  by  nitrate  of  calcium, 
and  Acoordinff  to  Derille  and  Debray  (p.  316)  by  a  mixture  of  peroxide  and  nitrate 
of  barium.  Nitromnriaticacid  has  scarcely  any  action  upon  it.  [For  the  methods  of 
analyaing  it,  see  iBmnnc,  pp.  316,  316,  320 ;  also  Fi.^tiiium-bb8idux8^] 
See  Chimolini  (i.  871). 

This  name  was  giren  by  Hermann,  J.  m.  Chem.  xxiiL  276)  to  a  black 
minenl  ftom  the  Ural,  orystallised  in  regular  octahedrons  and  consisting  of  the 
protoxides  of  ixidium,  osmium,  and  iron,  combined  with  the  sesquioxides  of  iron  and 
chiomium.  According  to  C 1  a  u  s  (ilntL  Izxx.  286)  it  is  a  Teiy  Tariable  mixture,  consisting 
diiefly  of  iridosmine  and  chrome-iron  ore. 

ISOW.  8yn<mjma:  Eisen;  FW;  Ferrum;  Mars,  Symbol  :Fe.  Atomic  weight : 
M.   Equiyalents:  Fe«-28  (ferrosum);  fesl8f  (ferricum). 

This  metal,  although  the  most  abundant  of  the  heavy  metals,  and  most  largely 
employed  in  the  arts,  is  but  little  known  in  a  state  of  absolute  chemical  purity.  The 
iron  met  with  in  commerce  always  contains  carbon,  and  generally  some  other  foreign 
sabstances,  altogether  rarying  in  amount  from  0*6  to  nearly  10  per  cent  Frobably  all 
these  admixtures  ezerdse  some  influence  on  the  characters  of  the  metal;  but  it 
appears  to  be  chiefly  the  amount  of  carbon  contained  in  iron,  which  determines  the  re- 
markable  differences  of  character  presented  by  the  several  varieties  of  metallic  iron 
known  as  malleable  iron,  east  iron,  and  steel 

Fare  iron  is  described  as  resembling  silver  in  whiteness,  capable  of  receiving  a  veiy 
hi^  polish,  extremely  tenacious,  softer  than  ordinary  malleable  iron,  and  presenting  a 
scaly,  condMidal,  or  sometimes  crystalline  fracture.  Specific  gravity,  after  melting 
7*8439,  in  sheet  or  wire  7*76  to  7*60. 

Iron  obtained  by  electrolysis  was  found  to  have  a  specific  gravity  of  8*1303.  Its 
malleability  was  not  affected  by  heating  to  redness  and  rapid  cooling,  nor  was  it  in  the 
least  degree  hardened  by  this  treatment.  It  was  scarcely  acted  upon  by  acids  at  the 
ordinary  temperature ;  but  dissolved  with  the  aid  of  heat,  evolving  hydrogen  quite  free 
from  the  peculiar  amdl  observable  in  the  hydrogen  evolved  during  the  solution  of  ordi- 
narr  iron.    (Fercy,  MttaUurgy^  ii  2.) 

The  crystalline  rorm  of  iron  is  either  the  cube,  octahedron,  or  some  other  form 
belonging  to  the  regular  system. 

The  difBorent  kinds  of  iron  employed  in  the  arts  may  be  comprised  under  three  heads, 
vix.  malleable  iron,  cast  iron,  and  steel,  the  latter  being  to  some  extent  inter- 
mediate in  its  characters  between  the  other  two,  and  combining  some  of  the  peculiarities 
of  both.    SeeSrsBL. 

The  difference  between  these  three  kinds  of  iron  is,  however,  by  no  means  absolute, 
even  as  regards  their  characters,  but  more  a  difference  in  the  degree  in  which  particular 
characters  are  presented.  Iron  approaching  nearest  to  a  state  of  puritv  requires  a  very 
high  temperature  for  its  fusion,  while  cast  iron  melts  at  a  comparatively  low  heat,  but, 
not  being  sufficiently  malleable,  it  cannot  be  wrought  into  any  required  shape.  Malleable 
iron  has  a  much  higher  degree  of  toughness  or  tenacity  than  cast  iron,  which  on  the 
other  hand  is  much  harder,  while  steel  may  be  melted  and  forged,  as  well  as  rendered 
hard  or  soft  at  wiD,  or  as  it  is  technically  termed  *'  tempered,"  by  cooling  suddenly  or 
gTBdoaUy ;  on  account  of  these  varied  combinations  of  qualities,  the  different  kmds 
of  iron  have  a  wide  rai^  of  applicability  to  a  great  diversity  of  purposes. 

Leaving  out  of  consi£ration  for  the  present  all  the  other  substances  met  with  in 
iron  except  carbon,  it  appean  that  the  greater  or  less  approximation  to  the  character 
of  pore  iron  is  so  uniformly  accompanied  by  very  slight  differences  in  the  amount  of 
caroon,  that  these  two  drcnmstances  may  be  regard^  as  having  a  very  intimate  causal 
connection. 

Kara  ten's  observations  lead  to  the  oondnsion  that  iron  containing  0*65  per  cent, 
carbon,  and  f^  fkom  any  other  substance,  becomes  so  much  hardened  by  plunging 
it  into  water,  while  red-hot,  that  it  may  be  regarded  as  steeL  When  the  amount  of 
carbon  is  as  much  as  1*4  or  1*6  per  cent,  the  metal  presents  the  maximum  combination 
of  tenacity  with  the  eaoability  of  hardening  by  sudden  coolinff.  Increase  in  the  amount 
of  carbon  beyond  this  limit  is  accompanied  by  increased  hardness,  but  the  tenacity  and 
malleability  are  less.  With  1*76  per  cent  carbon,  the  malleability  of  the  metal  is  very 
alight,  and  with  1*9  per  cent  it  scarcelv  admits  of  being  wrought  Iron  with  2*3  per 
cent  carbon  presents,  when  melted  and  gradually  coole^  indications  of  snphite  being 
separated  during  Uie  cooling,  and  the  other  characters  of  cast  iron,  which  may  contain 
an  amount  of  carbon  vaiying  from  this  minimum  limit  up  to  6*76  per  cent 

^leae  limits,  however,  are  somewhat  different  when  iron  contains  other  substances, 
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tn  pounds  per  tquare  inch. 

aion. 

Aothorfty. 

Lowmoar  mm  win     . 
9lBflbrdsliiFe  bar  koD 

SvsdiriilwrufOB      . 

64,200 
firom  62,231  ( 

to  66.716  ( 
fiom  48,232  > 

to    47,865  { 

62,490 

•    • 

(     0*802 

0186 

0-264     ) 
;      0-278     J 

Fairl)airn. 

ffipkaldy  and 

JTapier. 

n 

(See  Kirkal  d7..Tnna.  Instit  of  Engineen  in  8eoUaii4  1868-9 ;  and  Tensile  Strength 
of  WromgM  Iron  amd  Steel,  LondoB,  1862.— Fair b^ifB,  BnU  Aaaoe.  lUfwrt,  1866.) 

Tlie  malleability  of  iron  ia  yezy  oonsidorable,  though  lees  than  that  of  silver  or  gold« 
It  is  influenced  by  the  prtsence  of  foreign  sabetances  which  modify  tbe  hardness  and 
tenacity,  the  degree  of  malleability  being  apparently  determined  by  the  relative  hard* 
ness  and  tenacity,  and  to  some  extent  also  by  its  internal  texture.  The  malleability 
of  izon  is  increased  in  proportion  as  its  temperature  is  raised,  inasmuch  as  it  then 
beeomes  softer  without  its  tenacity  being  proportionally  lessened.  At  a  red  heat  it  is 
solBciently  soft  to  be  brought  to  any  required  shape  by  hammering  or  rolling,  and  at  a 
white  heat  it  becomes  quite  pMty,  so  that  sepazate  pieces  may  be,  as  it  wer«,  kneaded 
together  into  one  maas ;  or,  as  it  is  termed^  welded.  This  capability  of  being  foiged 
and  welded,  so  important  as  regards  the  methods  by  which  iron  ie  wroqght  for  various 
naea,  ■  referable  to  the  wide  interval  between  the  temperature  at  which  the  metal 
ineaents  its  ordinaiy  degree  of  hardness,  and  that  at  which  it  beoomee  liquid ;  as  well 
m»  to  the  fkct  that»  at  temperatures  far  below  the  melting  point,  it  acquires  a  mtt 
plastic  condition,  which  is  retained  in  a  greater  or  less  degree  through  a  considerable 
range  of  temperature. 

Among  the  foreign  substances  influencing  ] 


r  the  malleability  of  iron,  the 
be  first  communicates  to  it  the  chamc- 
,  "  red  short "  in  forging.  Phosphorus 
at  the  ordinary  temperature.  Silicon 
Manganese  seems  to  be  beneficial  rather 
iron.  The  malleabilitv  of  iron  is  con^ 
>t  in  cold  water,  as  well  as  by  long  con« 
gain  restored  by  heating  the  metal  to 

aries  veiy  oensiderablj^  according  to  the 
After  being  melted,  iron  is  decidedly 
e  distinct  indications  of  that  condition, 
a  fibrous  or  silky  texture,  becomes  more 
capable  only  of  being  torn  asunder.  In 
iron,  it  is  not  melted,  but  wrought 
on,  and  the  unifbrm  dose  fibrous  texture 
epends  much  upon  the  nature  of  this 

Qdered  harder  and  brittle ;  when  after- 
line  fracture,  but  opinions  differ  as  to 
result  of  the  hammering.  This  is  also 
itinued  pressure,  vibration,  or  concussive 
aintaining  that  these  conditions  slowly 
iron  crystalline  and  thereby  weaker, 
lecrs,  1843;  Percy,  MetaUuray,  ii.  8.) 
air,  or  in  water  free  from,  air ;.  but  in 
ly  becomes  oxidised  or  rusted,  i^m  the 
sss  may  be  converted  into  oxide.  The 
s  to  contribute  largely  to  the  production 
:efl  in  water  also  facilitates  the  oxidation 
Btanoea,  retard  the  oxidation.  (Mallet, 
,  wroufkt  iron^  and  steel,  Brit  Assoc. 
:aet  with  more  highly  electro-positive 
tion  of  iron  within  a  certain  distance 

mes  capable  of  combining  directlv  with 
ice  at  first  becomes  covered  with  an 
iUow  colour  which  ffradually  passes  into 
)f  oxide— /otvw  sca/#— becomes  thickf  r, 
*rric  oxide.   At  a  white  heat,  iron  burns 
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tlian  gted.  When  east  iron  is  heated  to  vedneas  in  the  air,  the  carbon  it  contains  is 
Ant  oxidised  and  the  metal  rendered  more  or  less  malleable ;  then  a  ornsl  of  magnetic 
oadde  is  formed  at  the  muAee  and  gradnally  increases  in  thickness  as  in  the  case  oi 
malleable  iron.  Grej  cast  iron  is  most  slowly  oxidised  in  this  way,  and  becomes 
porons  and  finable  after  abstraction  of  its  carbon.  White  cast  iron  is  decarbonised 
tnare  rapidlj,  and  acquires  a  malleable  steely  character.  Upon  this  &ct  is  based 
tiia  maaa&ctnre  of  malleable  cast  iron,  which  consists  in  heating  to  redness  tha 
eaadngs,  while  imbedded  in  powdered  chalk,  charcoal,  or  oxide  of  iron,  so  as  to  be  par* 
^ally  protected  from  the  oxidising  influAnce  of  the  air. 

Cast  iron  melted  in  contact  with  air  becomes  covered  with  a  crust  of  oxide,  and  by 

,  it  may  be  entirely  conyerted  into  oxide.  If  tho 
\,  with  the  melted  metal,  this  gradnally  becomes 
White  cast  iron  heated  in  contact  with  air  till 
rbonised  much  more  rapidly  than  by  mere  heating 
condition  to  that  of  pure  iron,  without  so  gieat  a 
hen  the  metal  is  melted.  The  most  important 
m  is  based  upon  this  fetct  (puddling), 
[i,  lime,  or  magnesia  carboiiales,  is.  gradually  de- 
Tted  into  malleable  iron,  if  the  heat  be  raised  as 

d  cast  iron  oxidises  the  carbon  vid  silicon,  as 
the  remainder  into  malleable  iron.  .  The  tempera- 
itly  high  to  determine  the  ftision  of  the  wholly 

mtiated  hydrochlorie  acid  is  antiraly  dissolyed ; 
B  way,  leayes  a  residuum  of  ^phite.  In  both 
ito  combination  with  a  portion  of  the  nascent 
of  the  iron,  forming  Tolatile  oily  hydrocarbons, 
I  peculiar  smell  to  the  gas  eroired.  This  oily 
oature  analogous  to  petrMeam,  also  collects  as  a 
dntion. 

ic  acid  upon  cast  iron  is  somewhat  different, 
ly  at  the  ordinaiy  tempeiature,  but  with  the  aid 
3  readily  dissolTed.  The  hydlx)gen  eyolved  has 
unt  of  the  hydrocarbons  fonned  appears  to  be 

is  employed.  White  cast  iron  leaves  a  bulky 
i<^  is  soluble  in  potash,  and,  when  washed  and 
cing  a  black  residue  containing  silica  (Daniell, 
278).  Grey  cast  iron  leayes  a  residue  consisting 
oaceous  substance  similar  to  that  obtainable  from 
:  carbonaceous  substance  which  is  msgnetic,  takes 
!S  when  burnt  a  residue  of  ferric  oxide, 
aea-water.  Cannon  balls  that  had  been  lying  in 
ice  1692,  were  foimd  to  have  lost  two-thirds  of 
etallic  iron,  and  were  converted  into  a  substance 
longchamps,  J.  Chlm.  mM.  xiiL  89).  Cannon 
^ears  before,  near  Carlscrona,  were  found  to  bo 
graphite  substance,  which  after  exposure  to  the 
Bo  heated  that  the  adherent  w«ter  was  converted 
idbookf  V.  218).  The  substance  remaining  after  the 
lilar  to  that  remaining,  mixed  with  graphite  and 

dissolving  grey  cast  iron  by  dilute  hydrochloric 

ompound  of  iron  with  three  eqmvalents  of  carbon. 

cast  iron  by  sea-water  to  be  due  to  the  eomoint 

The  solution  of  cast  iron  takes  place  at  places 

influence  of  fresh  water  and  8ea-wat«r  by  tides 
allet,  op.  cit.) 

;e  at  places  where  it  is  exposed  to  the  combined 
r,  by  tides  more  rapidly  than  in  sea  water. 
I  cast  iron  is  met  with  in  specular  iron,  vaiying 
and  Percy  consider  that  the  manganese  present, 

iron  containing  as  much  as  6  per  cent,  carbon,  i 

^portion  of  combined  carbon. 

bon  varies,  as  a  general  rule,  between  2  and  4*66 

3*5  to  5*75  per  cent ;  but  the  difference  between 
timately  connected  with  the  state  in  which  the 
»f  this  substance. 
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AnalyseB  of  cast  iron. 


Ore  used        • 
Fueliued        •       . 
Source  •      • 

Kind  of  iron  . 

Spathic  iron  ore 

Magnetic  Iron  ore 

Frank, 
linltr 

Speeolar«idW«« 
Iroaorc 

Sttbia. 

MOSBM 

BOHB- 

Charcoal 

KOTA 
SOOTIA 

Col 

Widto- 

nm.nn 

iPre- 
seniuB 

Itichter 

Heniy          Heniy 

Tookey 

WjL 

Specular  iron 

No.  1  gre^ 

fwywr 

Iron      .      . 

Silioon         •      . 
Sulpliur      .      . 
Pliospliorus 

Manganese  •      • 

CoDDAP   .          •          • 

94-68 
3-88 

•    • 

0-41 
0-02 
0-04 

0-98 

82-860 
4-823 

•    • 

0-997 
0-014 
0-059 

10-707 
0066 
0-077 
0-091 
0-046 

2-311 

•    • 

2-732 
22-183 

92-906 
4-809 

0176 
traee 
0-122 

1-987 

96-57 
4-20 

0-08 

traee 

0<)5 

010 

81-363 
6-900 

•    • 

0-100 
•0-187 

li-6()0 

94-86 

8-60 

0-84 
0*08 
0-19 

0-44 

8-; 

0- 

OH 

0^ 
0- 

V^lrnnininm  , 

Calcium       .      . 
Magnesium  •      . 

0-0*7 
001 

100-04 

99-964 

100-00 

100-00 

10000 

100-00 

99-84 

1 

2 

3 

4 

6 

6 

7 

, 

Ore  used 
Iron  in  ore  .         • 
Sulphur  in  ore      . 

Fuel  used       • 
Sulphur  in  fkiel     • 

Name  of  works 
Kiodofiron  .         { 

Clay  iron  ore  of  cod  meaturei 

Sa 

89-8                                  — 

trace                             _ 

0-50                             — 

Thicl(w»al  coke                     ~ 

- 

- 

to 

ir 

and 

0-50                              -~ 

ataffordthi 

Lays ;  Dudlst    1  Lerel ;  Dudlst 

0-ai 
re 
KKTHxa-: 

lOK     i 

GouiDr- 
niui 

1- 

Woolwich  Arsenal 

E 

hotblait 

SSSfa.!       , 

hot  blast 

cSrbfift 

bo 

Iron  . 

Silicon 

Sulphur 

Pliospliorus 

Man^ese. 
Aluminium         • 
Anenie 

2-87 

1-16 
0-08 

•  • 

•  • 

8-34 

1-18 
0-07 
0-55 

•  • 

•  • 

3-21 

1-64 
0-07 
028 

2-66 

1-76 
0-05 
0-68 

006 

2-61 

1-40 
0^ 
072 

0-49 

•    • 

2-81 

0-67 
0^ 
0-29 

013 

•    • 

2-64 

2-71 
0-04 
107 

0-98 

•  • 

•  • 

9 

i      0-7, 

,    tiaee 

trace 

9 

10 

11     1      12 

13 

14 

16 

16      ; 

Ore  used 
PiMMphorua  in  ore 

Fuel  used  | 

Sulphur  in  fliel     . 

Name  of  wo^  -I 

Analyst      • 
Kiodofiron  .         | 


lion   . 

Carbon,  graphitic 

Silicon        • 

Sulphur 

Phosphorus 

Manganese 


Clay  iron  ore  of  coal  maaaurea 


Bamileyooal 


East  End; 

WBLLnroBBo' ; 

Northamptonshire 


Deep  hard  ooal 
and  coke 


0-41         OTS 
Brand*!  liard  coal 


West  Hat.t.aw  , 

Derbj/shire 

Woolwich  ArsenaL 


0-62 
BunSBLBT 


Scwuxo;  I 


cold  blast 


Na  1  grey 


mottled  pig 


2-85 

1-92 
010 
119 

0-24 


17 


210 

211 
018 
1-07 

008 


18 


forge  ptg 


2-67 

1-68 
0-05 
0-70 

0-94 


19 


foundry 


2-40 

1-50 
0-06 
084 

0-60 


20 


hncbliut 


Wo.2plg 


2-74 

2-36 
0-02 
1-21 
1-06 


21 


No.  4  pig 


2-60 

1-34 
Oil 
0-75 

0-40 


22 


•  Probably  euinuled  too  high.    See  EsttmaUom  qf  Sulphur,  p.  S7S. 
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Both  daj  iron  ore  and  cttbonaeeoos  iron  ore  are  fteqnentlj  acoompanied  bj  admiz- 
tttres  of  metalliferoafl,  snlphnretted,  arsenical,  and  phosphatic  minerals,  sometimes  in 
sneh  mmonnt  as  to  detract  from  their  Talne  for  smeltiog  purposes ;  but  generallj  thej 
are  sufficiently  pure  to  fbmish  iron  of  eood  quali^.  Some  kinds  of  the  ore  known 
as  "  ooal  brass  "  also  contain  a  considerable  amount  of  ferrous  carbonate,  though  they 
were  disregarded  as  iron  ores,  until  attention  was  directed  to  their  composition  in  1853 
bj  Messrs.  Price  and  Nicholson. 

NaUffe  inm  Sulphideg  occur  Teiy  frequently  and  in  great  abundance  in  some  places. 
Of  late  years  these  minerals  have  been  much  usedas  asouroe  of  sulphur,  and  are  laigely 
imported  from  Spain  and  Norway  for  that  purpoae.  The  principal  Tarieties  are : 

1.  Iron  pyritu  (Eitinkiei;  jitrUe\  which  has  a  yellow  colour  and  metallic  lustre. 
Specific  gravity  4^  to  6*1.  It  oecun  ctystalline^  granular  and  compact,  frequently 
diaaeminated  through  other  minoala.  In  its  porcst  state  it  oontains  63*33  per  cent. 
ixoii^  and  46*67  per  cant  solphur. 


Anafyseiof  Lron 

P^ritsi. 

Analyst 
Source 

PautiiMn. 

Price* 

Nlchol. 

■on. 

2s: 

Spsfai. 

fium. 

W«rt. 

phslla. 

Norway. 

Irelttid. 

Coal 
lyrauet. 

Wales. 

Corn, 
wall. 

Iron 
Sulphur 

Zinc 

Thallium 

Ferrous  o 

Lime 

Magnesia 

Carbonic 

Arsenic 

Oxygen 

Coalysubi 

Gangue  , 

Moisture 

side, 
add! 
stance 

38*70 

44-60 

3-80 

0*68 

0*30 

trace 

o-ii 

trace 

b*2'6 
0-23 

liib 

017 

41*41 
49-30 
5*81 
0-66 
trace 
trace 

014 
trace 

0*3*1 
0'25 

2*0*0 
005 

39*68 
45*01 

b-3'7 

1*80 

trace 

0*25 

trace 
0*42 

1*2*2*3 
0-25 

38*22 
46*60 

0*64 

600 

trace 

01*1 

•    • 

trace 
0*37 

8*70 
0*36 

89*22 

45*60 

1*80 

1*1*8 

210 
0*01 
1*66 

0*4*5 

9*08 
017 

40*52 

44*20 

0*90 

1*50 

3*51 

0*24 

0*3*3 
0*25 

8*80 
0*90 

81*44 
8810 
trace 

•    . 

4*9*6 
0*83 
5*11 

trace 
0*31 

14*45 
1-40 
0*90 

1 49*72 

•  • 

•  • 

11*01 
7-95 
5*74 

19*29 

6*10 

•  • 

82*20 

84  34 

0*80 

0-40 

1-32 

0*91 
29*0 

99-88 

99*93 

99*91 

100*30 

100-16 

100-34 

100*80 

99-81 

98*98 

Tariety  of  iron  pyrites  of  a  white 

etiqw),  has  a  bronzs  colour  with 
gravi^  4*5  to  4*7.  It  occurs  both 
St  state  it  contains  60*49  per  cent 

'  arienieal),  has  a  steel  pey  colour, 
ITS  in  the  same  states  as  iron  pyrites, 
4*35  per  cent,  iron,  10*96  per  cent 
ly  contains  a  considerable  amount  of 
yrites  sometimes  contain  gold,  and 
Bpedally  copper  pyrites,  with  which 

m  pyrites  by  roasting,  is  smelts  to 
ing  made  to  use  it  ajSo  for  obtaining 

large  quantities,  the  most  important 
he  Htanates  iserine,  and  ilmenite  (see 
iilicates  (see  Qssm  sabth,  ii  944, 

(See  Peosphatss.) 
by  heating  pure  ferric  oxide  in  a 
d  at  the  lowest  possible  temperature, 
which  is  pyronhoric,  and  takes  fire 
nto  ferric  oxide.  At  a  strong  red 
IcM  readi^  ooddised. 
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•oine  length  of  time  in  a  TiBoonB  condition,  which  a)dinit8  of  its  presentiDg  a  greater 
maihce  to  the  action  of  oxidising  agents  when  stiired  about.  Its  carbon  is  also  more 
•aailj  oxidised  than  the  gnplute  of  grej  cast  iron.  When  therefore  grey  oast  iron 
has  to  be  converted  into  malleable  iron,  it  is  in  the  first  instance  converted  into  white 
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thai  MinoTed  with  tongs  to  mill-ronfl,  of  a  similar  kind  to  those  already  de- 
but more  highly  finished,  and  drawn  into  bars  which  are  again  cut  up,  piled, 
-^  and  then  submitted  to  the  same 

^«  «'86.  operations  of  heating  and  rolling 

several  times,  according  to  the 
required  quality  of  the  iron. 
Sometimes^  after  the  first  rolling 
of  the  iron  into  puddle  bars, 
hammering  is  substituted  in  the 
place  of  drawing  out  between 
rollers.  It  is  in  this  series  of  ope- 
rations that  the  iron  acquires  its 
texture,  and  that  dose,  uniform, 
and  continuous  fibre,  upon  which 
its  stren^  and  general  good 
quality  is  considered  to  be 
_  cniefiy  dependent  The  mode  in 
which  the  pieces  of  iron  are 
1  in  the  piles  is  considered  to  be  of  great  importance  as  regards  the  result 
I;  but  notwithstanding  the  strong  opinions  expressed  on  this  subject,  little  is 
fl  to  the  rationale  of  the  connection  apparently  existing  between  the  quality  of 
and  the  mode  in  which  it  is  wrought 

tain  proportion  of  slag  is  produced  during  the  reheating  of  the  piles  in  the  mill- 
which  nas  a  composition  yery  similar  to  that  of  the  slag  from  the  puddling 
bat  the  silica  it  contains  is  derived  mainly  from  the  sand  forming  the  hearth. 

Analyu*  qf  MiU-fi 


Works    . 

DowlmU. 

Sweden. 

Analyst  . 

Ritey. 

Dus«ndt. 

NOMI. 

1  oxide 
Doos  oxide 

la 

na 

Iphide 
lorie  add 

•       • 

6601 
019 
2-47 
0-81 
0-27 

28-71 
Oil 

'l-22 
trace 

8-49 
66-36 

•  • 

0-36 
tnce 
34-00 

•  • 

•  • 

66-83 
0-74 

•  • 

33-47 

•  • 

6-00 
62-20 

9-60 

32-00 

1-96 
0-26 

kagaof  iron 

• 

9979 
61-34 

98-21 
490 

100-04 
61-20 

100  00 
46-84 

an  these  successive  operations  have  been  completed,  the  iron  is  in  the  condition 
difbrent  deerees  of  quality  are  indicated  as  No.  2, 
'  uid  "best  best,"  as  well  as  by  particular  brands. 
I  from  the  formation  of  slag  in  refining,  puddling^ 
lue  to  the  oxidation  of  the  iron  during  the  shin- 
ih  it  is  suljected.  The  product  of  this  oxidation 
hich  forms  a  crust  on  the  surface  of  the  hot  iron, 
what  is  known  as  "  hammer-scale  "  or  mUl^edU 

rersion  of  pig  iron  into  malleable  iron,  varies  ac- 
ited  upon,  ami  the  amount  of  impurities  in  it  as 
n.  In  South  Staffordshire,  the  waste  amounts  to 
Iron.  In  South  Wales  it  sometimes  amounts  to 
B  sometimes  less  than  13  per  cent  Formerly  the 
n  34to36percent(Truran,op.cf/.  p.215).  The 
Idling  furnaces,  in  place  of  sand,  has  contributed 
\  due  to  the  formation  of  slag,  and  the  use  of 
oxides,  as  admixtures  in  the  puddling  or  boiling 
)  compensate  the  waste  that  would  result  from 
A  A 
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lire  FMuired  to  be  maintainod  i 
on  of  the  heat  generated  by  oom 
[ieatui{y  the  iron  (Fitbl,  ii.  729^ 
lifference  exiating  at  any  momen 
emperatore  of  the  atmosphere  i: 
or  maintaining  or  raising  the  tem 
tore  of  iron  in  a  paddling  fnmac 
leymtist  be  at  a  temperature  no 
to  the  quantity  of  gas  diacharj^et 
any  other  useful  effect.  A  rariet 
waste  heat  to  account  in  raisiDj 
by  far  the  most  simple  and  con 
,te  chimney  to  each  ftunace,  ant 
ig  chamber  of  several  puddlinj 
log  some  distance  away  from  th 
ugh  and  round  a  large  Comisl 
oieating  its  heat  to  the  water,  i 
Lcing  a  draught  suffident  for  a] 

itroduce  other  improTements  h 

such,  for  instance,  as  the  use  c 
'  air  and  steam,  rotary  puddlinj 
pig  iron  of  materials  oontaininj 
I  in  the  puddling  furnace,  none  o 
ie  basis  as  to  appear  promising 
nand  oonsideration. 
of  gaseous  fhel  in  the  reflnei^ 
r  this  purpose  is  either  the  oom 
toes  in  which  pig  iron  is  made,  o 
kinds  of  ftiel,  by  burning  them  ii 
he  combustion  of  one  portion,  i 
as  to  be  converted  into  carboni 

driven  off  from  the  fhel,  passe 
h  in  the  same  manner  as  coal  ga 
ie  aher  hochste  Nutrung  der  rohei 

i.  339).  This  method  of  usini 
being  introduced  at  some  of  th 
irill  eventually  not  only  admit  o 
uitaces  arising  from  the  pneseno 

with  the  meUl ;  but  that  it  ma 
fbel,  and  especially  of  turning  t 
ixe  hitherto  been  almost  entirel; 

I  refining,  puddling,  &c.,  see  th 
5,  674,  716  ;  Urt^s  Dictionary  o 

I,  an  entirely  new  method  c 
osed  withinthe  last  few  years  a 
\M  in  submitting  melted  pig  Iroi 
il  it  is  sufllciently  decarburised 
ition  of  the  carbon  and  silicon,  an< 
etal  above  the  melting  point  o 
;he  decarburised  iron  is  obtains 

II  are  afterwards  to  be  forged  int 
768 ;  1856,  Nob.  356,  630.) 

he  conversion  of  pig  iron  infc 
^heric  oxygen,  and  mdependentl; 
iginous  or  manganese  oxides,  o' 
operation  of  puddling  or  boiling 
sdentiflc  data  as  uiere  are  fo 
separation  of  sulphur  and  phos 
this  new  method  of  producini 
r  the  important  influence  of  thi 
the  new  method  pig  iron  may  b 
)  entirely  eliminated  with  eaae 
)hur  and  phosphorus:  for  thetf 
,  far  from  being  separated  fron 
are  either  whcdfy  unacted  upon 
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MiA,  called  the  tapping  k 
b,  to  admit  of  the  melted 
at  intervals.    This  chanx 

slag  are  acenmnlatinff  i 
he  hearth  is  proloogea,  i 
r  the  opposite  side  is  call 
there  it  an  arched  open: 
Jlj  a  similar  opening  at 
an  arch  is  turned  in  the  < 
lyere  holes.  The  npper 
A  and  is  generallj  snrmo 
th  openings  at  the  side  for 
led  to  the  ftimace  throngfa 
ipe  terminatinff  with  a  coi 
h  a  hollow  conical  sheath, 
[ting  of  the  tuyeres,  extend 
■face  of  the  hearth, 
ng  of  a  blast  Aunaee,  th 
;  these  are  introduced  at 
le  smelting  progresses.  Id 
end  of  the  nimace  throng 
re  inch  in  charcoal  fiimac 
d  with  coal  or  coke,  and 
rate  of  working,  so  as  to 
>  fhruace  immediately  abo^ 
I 
1  of  the  fermginons  oxides 

temperature  between  the 
1  of  carbonic  add,  resulting 
on  equal  to  that  it  containi 
larbon  and  air  requisite  in 
ide  containing  1  pt.  of  iroi 

Parti  bjrir 

of  ctirbnn  i 

•Ite  in  Che  it 

Ferric  oxide.  carbonic  O] 

1-429  -         0-3214 

bout  8  cwt.  of  coal,  contai 
•  54,448  cubic  feet,  per  ton 
I  of  the  ferruginous  oxide  i 
aetal  in  an  available  oondi 
>n8iderable  admixture  of  < 
>nerally  consist  chiefly  of 
Qce  to  the  tabulated  anal; 
d  with  the  ferruffinous  oxii 
that  they  should  be  melte 
ite  according  to  their  diffe 
Aoes  alone  is  invisible  at  1 
hey  can  be  separated  only 
lie  double  silicates  containi 
ponds  to  the  requirements 
s  silicate,  tenned  §laff  (8 
separation  of  the  earthy  s 
ely  that  these  admixtures 
ions,  as  to  produce^  under 
he  purposes  of  iron  smelti 
Auce  that  will  eflfect  this  i 
cas<ific)  will  of  course  de] 
ist  be  regulated  in  acoordi 
if  slags.  (See  MaTAixuBO 
ron  ores  in  which  the  ear 
material,  such  as  foige  cin< 
as  a  flux,  or  the  ore  may 
.  or  clay.  In  the  more  frei 
le  material  used  as  a  flux  i 
a  double  silicate  containin 
of  the  double  lime  and  al 


Digitized  by 


Google 


IRON. 


359 


fxistiDg  bAwMn  the  mUca  and  the  baeetf,  as  well  as  that  between  the  two 
The  most  fiisible  of  thinn  are  those  in  which  the  ozjgen  of  both  bases  amonnts 
bhinls  of  that  in  the  silica,  and  the  oxjgen  of  the  lime  equals  that  in  the 

L 

belting  iron  ores  with  charcoal,  the  temperature  of  the  fkmace  is  gv^nerally 
ban  when  they  are  smelted  with  coke  or  toal,  and  on  that  account  the  slag 
I  to  be  more  nisible  than  in  the  latter  case.  In  smelting  iron  ores  with  coke  ' 
eepeciallj  when  hot  blast  is  used,  the  temperature  is  so  much  higher  than  in 
B  worked  with  charcoal — not  only  where  fusion  takes  place,  but  also  at  the 
■art  of  the  Aimace — that  the  slag  requires  to  be  rendered  less  fusible  by  increas- 
proportion  of  lime  to  such  an  extent,  in  relation  to  the  silica  and  alumina  in 
,  that  fusion  may  not  take  place  before  the  reduction  of  the  ore  has  been  com- 
ei&cted,  and  that  the  frajzments  of  the  charge  may  not.  become  agglutinated, 
lain  loose  and  porous  while  passing  through  that  portion  of  the  shaft  where 
m  takes  |»laoe,  and  consequently  more  capable  of  being  permeated  by  the 
Jgae. 

e  smelting  of  siliceous  ores  there  is  a  farther  necessity  for  the  addition  of  lime^ 
ore  important  than  that  connected  with  the  production  of  a  suitably  fusible 
rbis  arises  from  the  circumstance  that  the  double  silicate,  containing  alumina 
rous  oxide  as  its  basic  constituents,  is  reiy  fiisible,  and  from  the  consequent 
y  to  the  formation  of  this  compound,  the  result  of  which  would  be  that  a  con- 
[e  amount  of  the  iron  would  escape  reduction  to  the  metallic  state,  and  pass  off 
lag,  thus  giving  rise  to  considerable  loss  of  iron,  besides  other  serious  inoon- 
M.  This  combination  of  ferrous  oxide  with  the  aluminous  silicate  in  the  oro 
it  take  place  in  the  presence  of  a  sufficient  amount  of  lime,  and  in  order  to 
it  ta  tnuch'  nt  possible,  the  quantity  of  lime  added  to  the  orp  is  generally 
to  form  a  slag  in  which  the  oxygen  of  the  bases  is  equal  to  that  in  the  silica. 


Jnalyset  of  8lag$from 

Blast  Furnaces, 

Locality  . 

Bd*k«n, 
Swwlso. 

Pdcs. 

iUtolgthattSk 

RUbe. 
Und, 
Haru. 

Hamm. 
hUlt«. 

Slegen. 

OUberg, 
We»t- 
phalia. 

OnoMd    • 

- 

Boflroa 
or*. 

Red  nod 

brown 

iron  ore. 

PoeliiMd  . 

CiMrcoal. 

Klod  of  iron  made 

Mottled 

Spernlar  Iroo. 
Hoc  biMt. 

Analyst  • 

Ullgrao. 

Ear 

Men. 

Remnele- 
berg. 

ksoodda  . 

005 

1-45 

0-2 

. 

2-44 

21-5 

006 

1-27 

inoosoxida 

1-86 

1-40 

11-6 

4-30 

2-20 

29-2 

83-96 

316 

na  • 

4*30 

6-25 

6-7 

12-60 

1804 

2-1 

6-63 

5-71 

8864 

1971 

26-9 

42-85 

25*67 

,    ^ 

, 

27-60 

>sia.        .        . 

I     •        •        • 

7-40 
0-30 
138 

0-70 

•    • 

•    • 

0-57 

8-6 

10-22 

701 

•        •        • 

46*37 

70-12 

54-1 

89-60 

53-79 

87-8 

48-89 

55-25 

tiorieadd 

traces 

ir    • 

0-03 

0-37 

0-5 

0-65 

.    . 

0-8b 

10000 

10000 

100-00 

10000 

97-71 

10000 

99-29 

10000 

of  oxygen  in' 

« tooxygenin 
a  . 

0-697 

0-257 

0-480 

0-917 

0-512 

0-547 

0-572 

0-385 

of  oxygen  in 

IS  to  oxygen  in 

7-301 

2180 

3-293 

2-  00 

1-400 

15-000 

3-730 

3037 

una      .        J 

tageofiron  . 

0*740 

1-180 

0-160 

•    • 

1-900 

16-720 

•    • 

0-990 
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vmj  TitrMOi  or  stony.  The  edour  of  slag  from  blast  ftmsees  Taries  rety 
vat  does  not  aflford  much  indication  of  its  emiiacter.  When  charcoal  is  used  as 
esla^  is  fighter  cobnied  than  that  from  ftonaoes  in  Thich  coal  or  coke  is  used, 
published  analyses  of  blast  fiunaoe  slags  are  yeiy  nnmerons;  but  oomparatirelj 
ra  anj  real  Talne*  from  the  absence,  in  most  instances,  of  anj  statements  as  to 
ditions  nnder  which  the  slags  were  produced.  For  the  elucidation  of  the  pro- 
hat  take  place  in  the  smelting  of  iron  ores,  so  frr  as  the  formation  of  slag  is 
ted,  it  is  essential  that  the  analyses  of  slags  should  not  only  be  numerous,  out 
By  should  also  be  accompanied  by  descriptions  of  the  kind  of  iron  made,  and 
king  condition  of  the  fornace,  as  well  as  of  the  kind  of  ore,  fluxes,  and  ftiel  em- 
T&  analyses  on  pp.  869  and  360  wiU  serre  to  illustrate  the  general  character 
Jag  nrodnced  in  iron  smelting. 

me  kinds  of  iron  ore,  the  reUtion  existing  between  the  silica  and  alumina  is 
lerent  from  that  eenerally  obtaining  in  the  day  iron  ores  of  the  coal  measures,  as 
seen  from  the  fbUowing  table  and  by  reference  to  the  analyses  of  ores. 


Low  Moor. 

Briorly. 

StaatOQ. 

Parkgato. 

CtordaDd. 

Ina    • 

28 

24 

20 

26 

24 

26 

,        , 

9 

9 

13 

11 

18 

27 

esia.        . 

8 

7 

17 

9 

19 

14 

•        • 

60 

60 

60 

64 

44 

84 

100 

100 

100 

100 

100 

100 

^nsequenoe  of  this  difference,  and  the  ffrenter  proportion  of  alumina  in  the  ores 
Cleveland  district,  the  slags  produced  in  smelting  them  are  much  more  stony 
I  ritreous  than  those  produced  in  smelting  other  ores.  An  increased  addition 
would  not  remoTC  this  difference,  which  is  due  to  the  deficiency  of  silica  in 
ion  to  the  alumina  peeent,  and  is  probably  accompanied  by  a  lese  df^gree  of 
ty  of  the  slags.  This  circumstance  will  perhaps  serre  to  account  for  the  appa- 
ctuntj  of  a  Tery  high  temperature  in  the  smdting  of  these  ores,  and  for  the 
of  the  attempts  that  haye  been  made  to  smelt  them  with  cold  Uast.  (L  L.  Bell, 
p.  96.) 

Analyaea  of  8Utg$from  devdand  Ore$, 


Name  of  works 

CUraoGo.  Mlddlotbro>. 

1 

FHiedua 

OreoMd  . 

Clay  Iran  ore  smelted  with  ookoaod  hot  blast.  | 

llromblaU 

1 

furnace  gas. 

Crowder. 

Clarence  Laboratory. 

e  oxide      .... 

8-20 

msoxida    .... 

0-72 

3-64 

0-61 

0-32 

oxide         •        .        •        . 

0-36 

102 

trace 

0-80 

,     , 

,     , 

,    , 

,    , 

4-60 

una 

24-69 

20-72 

22-28 

21-70 

1600 

•        •        •        •        . 

4000 

36-88 

40-46 

88-72 

1216 

lesia 

8-66 

4-26 

7-21 

610 

0-67 

ih 

0-46 
0-99 

0-60 

•    • 

0-40 
6-86 

k 

27-66 

30-40 

27-80 

29-92 

84-82 

phorus        .... 

0-26 

,    , 

,    , 

0-07 

lur 

1-96 

1-34 

200 

161 

8-80 

riM    .        •        •        .        . 

1-56 
6-60 

sr       .        ,        ,       ,        , 

'    • 

* 

100-62 

98-76 

100*36 

99*24 

9966 

oofoinrgeninbases  tooxy- 
ninsiuea  .... 

1-676 

2042 

1-687 

1-600 

0  of  oxygen  in  bases  to  oxy- 

1127 

2-394 

1-392 

1-346 

entageoflron     . 

0-660 

2-830 

0-470 

0-260 
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amed.  The  greater  port  of  thi 
Aiel  ooDBum^  leaTes  the  Ainu 
'  as  heat  capable  of  being  genera 


itanding  thu  laige  differenoe  hi 
L  still  remains  available  as  a  son 
;  must  not  be  supposed  that  the 
apared  with  the  amount  which 
e  its  full  heating  power.  For  tl 
is  rendered  latent  bj  the  fusic 
)dacing  the  temperature  at  whi( 
Tin  the  gas  does  not  indicate  a  Uf 
waste  heat,  in  so  far  as  it  is  alii 
rantage  as  it  is  still  capable  o£ 
Liate  neighbourhood  of  the  tnye 
st,  to  carbonic  acid,  generating 
ower,  and  producing  there  the 
ucing  when  burnt  with  atmosph 
part  of  the  furnace  that,  while  t 
iarthy  substances  mixed  with  i1 
make  room  for  a  fresh  quantity  o 
nd  undergo  the  same  change, 
leir  heat  to  the  materials  in  the 
ron  ore  smelted  contains  carlx 
ned,  those  substances  will  be  se] 
d  will  mix  with  the  products  of 
ic  add  of  the  limestone  used  m 
rtion  will  likewise  be  expelled,  a 
I  as  the  extent  of  this  admixtur 
rhen  burnt,  and  therefore  it  is  < 
water-yapour  in  the  blast  fum 
DC,  whenever  the  gas  is  to  be  ui 
ence  of  the  different  physical  co 
it  take  place  in  smelting  iron  or 
le  bhist  fhniace  in  a  maimer  ei 
re  supplied  to  it ;  the  melted  ii 
es  from,  the  top  or  throat  of  the 

Smore  minutdy  the  conditions 
nature  of  the  changes  fh>m  ^ 
urse  of  the  air  suppliM  to  the  i 

d  perfect  combustion  of  the  fuel 
t  portion  of  the  furnace,  and  in  ti 
distance  above  the  level  of  the 
communicated  to  the  materials 
)A  gaseous  products  of  combusU 
:id,  the  temperature  of  the  gat 
to  the  mouth  of  the  ftimace.  ] 
mediately  above  the  region  of 
nters  into  cembination  with  a  ] 
entirely  into  carbonic  oxide,  iti 
uttended  with  a  considerable  ah 
that  part  of  the  fuznaoe  where 
I  account,  much  lower  than  it  ii 

B. 

g  analyses  of  gas,  taken  from 
rve  in  some  degree  to  illustrate  1 
king  place  between  the  solid  a 
f8.  687  and  688  represent  the  si 
taken. 

n  of  carbonic  oxide  is  probably 
)r  there  is  evenr  reason  to  oonsi 
owards  the  boshes  of  the  frunat 
perhaps  in  some  cases,  by  hyd 
action  of  heat.  Previously  to 
5  by  weight  or  volume,  betwee 
effected  either  by  the  oombusl 
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Ido  carboaaoeoiifl  mattar  in  a 
u  1860,  xsi  678.) 
ith  it    A  brittle  friable  alloy 
i  or  cast  iron,  or  by  dropping 
inda  of  fcrruginouB  zino  are 

ee  from  oxide  on  the  aurfiice, 
ig  of  sine,  probably  in  conae- 
[ron  thus  coated  with  sine  is 
B  atmosphere,  and  is  laigely 

mine  in  two  proportions,  form- 
I  tribromide  or  farrie  bromide, 

tained  by  passing  bromine- 
I  water,  and  may  be  obtained 
,  or  in  a  mixture  of  bromine 
bic  tabular  ciystals,  oontain- 
I  brown,  and  deposits  ferrio 

errous  bromide  with  bromine, 
B88  of  bromine- water.  It  is  a 
f  be  obtained  in  solution  by 
Dg  the  aqueous  solution  of  the 

See  Cast  Ibok  (p.  829)  and 
ompound  of  carbon  and  iron  is 

ive  been  supposed  to  exist,  viz. 
r  (Ann.  dee  Mines  [3]  iii.  229). 
▼oured  to  show  that  there  is 
nearest  approach  to  a  definite 
sy  perhaps  consist  essentially 
these  compounds  is  exceedingly 

m, 

[t  has  already  been  mentioned 
ntial  constituent  of  it,  a  con- 
m-metallic,  that  many  of  these 
which  the  iron  is  subjected  to 
▼e  more  or  less  influence  on  the 
;ant  problem  to  detect  these 
late  tneir  amount, 
led,  as  in  the  form  of  filings, 
>n,  or  hard  steel,  may  be  com- 
'  course  be  fne  from  dust,  rust, 

?o  estimate  the  whole  of  the 
6  dissolved,  without  erolution 
e  carbon  with  it;  or  the  car- 
carbon  estimated  as  carbonic 

oride  of  tUffer,  aqtrie  chloride, 
lie  silver,  cuprous  chloride^  and 
is  also  converted  into  feiroua 
remains  behind,  together  with 
er  is  very  slow ;  the  most  con- 
ntity  of  the  iron  (5  to  10  grms.) 
>n  of  cupric  chloride,  free  from 
and  ferrous  chloride  is  formed, 
deposit  is  free  from  hard  par- 
i  dronched  with  a  concentrated 
c  add,  in  order  to  copvert  the 
The  solution  is  then  filtered 
larrow  neck,  and  plugged  with 
olved  particles.  Impure  carbon 
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18  thuB  obtained,  tl 
at  124O-130O  C,  b< 

Fertic  chloride  n 
ih  the  solution  beii 
calciam.  The  Ymbi 
hydrochloric  acid  o 

The  iron  may  ali 
first  drenched  with 
As  soon  as  the  soln 
the  residue  is  dren< 
yellowish  solution, 
clarify,  and  finally 

Another  method 
yiously  freed  fh>m  ai 

Bromine  or  iodi 
Morfitt  and  Bo( 
divided)  with  a  smf 
it  for  five  or  six  he 
water  and  iodine,  iJ 
too  much  water,  an 
the  carbon  will  be 
iron  has  been  filtei 
again  with  water,  a 

The  carbon  obti 
small  quantity  of  i 
The  amount  of  pui 
sustains  when  ignit 
analysis,  with  oxide 
salt  and  chlorate  c 
carbonic  anhydride 

Deville  (Compi 
finely  divided  iron 
spheric  air.  The  i 
converted  into  vola 

2.  Estimation  of 
which  remains  beh 
compounds,  when  U: 
out  by  dilute  hydrc 
in  potash-ley  of  six 
water,  then  with  h 
dried,  weighed  and 
sustains  being  reck 
Ixxii.  364)  washes  1 
ether;  then  dries, 
p.  378)  treats  the  fi 
solution  of  sal-am 
chloride  of  silver,  ^ 
acid  to  remove  met 
as  above. 

3.  Estimation  oj 
the  irop  is  for  the 
hydrocarbons,  whic 
sive  odour ;  part  ol 
to  the  graphite, 
chloride,  or  cupric 
behind,  and  on  trc 
bined  with  the  iro 
saturation  with  hyc 
of  carbon  in  the  re 
weight  sustained  oi 
CJirbon  is,  however 

4.  Estimatum  oj 
igniting  the  resid 
away,  and  silica  re 
encnpe  combustion, 
silica  muHt  be  diss< 
tiie  uhig),  and  then 
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weighs  it.  The  weight  of  the  i 
anhydride,  beins  thus  determined, 
rendne  is  fbsed  with  acid  solphii 
water ;  and  the  solntion  boiled, ' 
pure.  Part  of  the  titanium  is,  ho^ 
hence,  to  obtain  the  entire  amoui 
the  silica  with  add  sulphate  of  p 
the  sulphur  contained  in  it  has  be 
baxyta  removed.  The  solution  ii 
termined,  is  first  reduced  with  sul 
driven  off.  It  is  then  nearly  ne 
ammonium  added.  If  there  is  on] 
will  always  be  sufiicient  ferric  oxi< 
acid  must  be  added,  and  the  so 
This  precipitate  may  be  at  onc( 
excess  of  that  sufficient  to  form 
hydrochloric  add,  reduce  it  again 
above  described.  The  predpitote 
of  magnesium,  ammonia,  chloride  ( 
tate  produced  being  allowed  to 
phosphate  is  filtered  of^  dried,  igni 
from  the  pyro-phosphate  of  ma^ 
treated  with  sulphide  of  ammomi 
evaporated  to  diyness^  ignited,  an^ 
transferred  to  a  flask,  aind  treated 
is  destroyed ;  in  dther  case,  the  rei 
fused  mass  is  dissolved  in  cold  wa 
night  in  a  warm  place,  when  the 
sulphuric  acid — dried,  ignited,  an( 
is  not  required,  then  the  predpital 
alkaline  acetate,  ma^  be  oried  (wi 
of  potasdum,  and  dissolved  in  coli 
remains  insoluble,  is  separated ;  a 
dpitated,  and  may  be  separated  Bi 
referred  to.) 

Tungsten,  which  sometimes  o 
chloric  add,  may  be  rendered  splu 
by  precipitation  with  acids  or  wit 
other  constituents  of  the  iron  b^  t 
sulphide  in  sulphide  of  ammomun 

14.  EsUmationofiheIrofi.—T\ 
determined  merelv  by  difference,  { 
It  may,  however,  bo  estimated  dire 
or  by  any  of  the  volumetric  meth 
especially  the  use  of  two  titrated 
more  dilute  than  the  other  (p.  884 

z&ow,  cBXiOBiBas  or. 

to  the  bromides. 

rerroofl  Obloiide,  FeCl*,  is 
chlorine  or  hydrochloric  acid  gas  < 
gun-barrel  connected  with  a  rece 
licHting  iron -filings  with  sal-amr 
3.  By  boiling  down  a  solution  of  i 
and  neating  the  rendue  till  the  wi 

Fenous  chloride  crystallises  i 
according  to  Senarmont,  are  six-d 
of  2*528,  melts  at  a  red  heat,  and  s 
Heated  in  an  atmosphere  of  i^dr 
pure  iron  crystallised  in  tubes.  I 
ferric  oxide  and  chloride,  the  lattc 

3Fea« 

In  contact  with  aqueous  vapour  at 
add,  and  if  converted  into  ferroso 

3FeCl«  +  4! 

It  absorbs  ammoma-^OM  at  ordin 
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» water  and  ozjg«n, 
chloride.     Ferrous 

0  a  nitride  of  iron, 
1.  iii.  323).  When 
:  a  red  heat,  yielding 
tetrahedrons,  and  of 

leeeee.  It  diasolves 
ee  in  2  pts.  water  at 
9f  strong  alcohol  at 

1  by  dissoliing  iron 
izcess  of  metid,  and 
^  hydrochloric  add. 
posits  the  hydrated 
r  and  dried  in  air  at 
)lto  ooPoo  and  4- P. 
B  powder  by  concen- 
centrated  liquid  orer 
ited  in  a  cloaeTessel 
temperature;  when 
effloresce  at  ordinary 
\  pts.  wattr^  easily  in 
Jahn,  howeyer,  Uiey 
lorb  niMo  oxide  gas, 
deetrokf9U,\io'ti  and 

9. 

le  alkali-metals.  A 
hloride  <^  potcuamm 
2KC1  J'eCl*.2H^0,  in 
I  obtained  by  mixing 
unmoniac,  hydrogen 

Perehloride  of  Iron, 
,teTB  of  Tolcanos ;  it 
L  piece  of  iron  wire 
ning  tinder  at  the 
:hloride,  which  then 
ine  gas  over  gently 
inverted  into  ferric 
ig  air,  ferric  chloride 
us  solution  of  ferric 
th  more  or  less  ferric 
isk,  yields  the  ferric 
•errous  sulphate,  and 
e  sublimes.    (Baur, 

metallic  lustre,  and 

I  contact  with  oxygen 

pour,  it  forms  ferric 

atdphur,  it  behayes 

T  with  considerable 
uid  formed  by  deli- 
be  obtained  by  the 
boiling  hydrochlorio 
f  hydrochloric  acid; 
tie  acid  i\»  it  already 
A,  and  adding  nitnc 
by  the  absorption  of 
Br  addition  of  nitric 
y  apt  to  froth  over, 
ixide  which  has  been 
;  by  dissolving  iron  in 
of  the  a  ids. — 3.  By 
saturated  with  iron, 
IS  a  rougli  taste  and 
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colovn  the  Bkin  yelloii 
perham  three  differenl 

«.  bodeca-kydrated, 
oveeceB  rapidly  in  the 
deliqneecea  much  leae 
likewiae  separates  slo? 
centrated — fine  radii  si 
pale  oraDge-yelloif,  o 
ultimately  conTerted. 
crystallise  unless  it  be 
it  can  absorb  water,    i 

/S.  A.  penta-hydxate, 
ing  the  liquid  to  a  syn 
tn  re«dissolTe  the  pred 
(8tein,  Eepert  Phan 
liquid  becomes  perfed 
leaving  the  solution 
vitriol,  under  a  receiTi 
which  laif^  crystals  t 
(FritEBche,  J.  pr.  01 
reddish-yellow  OTStah 
water  from  the  air  ver 
crystals  «  and  /B  are  si 
liquid  is  obtsined — the 
a — which  produces  gi 
chloride  dusolved  in  \ 
Mortis  of  the  older  eh< 
air),  has  a  density  of  1 
of  ferric  chloride  in  wa 
1 2  at.,  the  other  oontai 

Hex-hydrate,  Fe*Cl* 
according  to  Wittstein, 
of  1*50  in  a  covered 
rhombic  plates ;  also  b 
warm  place.  Accoidii 
solutions  of  ferric  chloi 

Hydrated  ferric  chlo 
tions,  in  which,  howev« 
it  is  easily  reduced 
solution. 

Ferric  chloride  is  ala 
sulphurous  acid,  sulph 
not  very  dilute  solutioi 
tion«  are  converted  into 
is  likewise  effected  by  ; 
ferric  chloride  has  been 
m.  94.) 

A  concentrated  acid 
at  the  negative  nole,  w 
positive  pole.  L  i  e  b  i  ( 
in  the  zinc-carbon  batt 
solution  of  common  i 
Bunsen. 

Ferric  chloride  is  mi 
in  the  treatment  of  anei 
quickly  coagulate  albui 

Basic  Ferric  Chlorid 
evaporated,  hydrochlori 
and  water,  is  always  g^i 
certain  quantity  of  un( 
consiHting  of  ferric  ch]< 
contration,  the  greater 
mass  no  longer  dissolve 
the  ferric  hydrate  into 
evaporation,  a  consider 
insoluble  sidt  remains  1 
tube,  deposits  ferric  oxi 
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IRON:  DETECTION  AND  ESTIMATION. 

\  of  the  compound  vol 
>ride.  It  deliqueBces 
im  into  wat«r  in  consi 
b  dark  red  transparent 
otauio  Chloride,  4EC1. 
rric  hydrochlorate  eva 
sd  monoclinic  crjstals. 
and  leaves  crystals  of 
1  with  the  microscope 
poration,  colourless  cr 
coloured  crystals  of  1 
>n,  the  crystals  of  chlo 
1  are  reconyeited  into 
1.  xyiii.  488.) 
•)dio  Chloride  melts  at 
mmonio-potastiO'Sodic 
It.  potassium  to  6*2  an 
rric  chlcmde,  in  the  c 
shloride  by  deliquesce: 
)il  of  vitriol  It  is  v< 
on,    (Kremers,  Pog| 

cTAvzDss  or. 

BBTSOTZOlf    Al 

-Iron-salts  fused  in  81 
S  colour  the  bead  yel 
jer  proportion  of  iron, 
er  name  a  bottle-gree 
uantity  of  iron-salt  is 
beconun^  yellow  as  ii 
rtion  of  iron,  the  bead 
cools,  and  reddish-bro 
I  quickly  than  those  o 
ferric  compounds  (H. 
Bd  by  heating  the  sul 
orax  coloured  pale  blu 
reduces  the  cupric  ox; 
3n  the  bead.  The  he 
,  if  present,  would  be  r 
it  mentioned.  To  ched 
nt  in  the  oxidising  £ 
hen  assume  a  pale  gr 
1  produce  the  r«l  spot 

%  Re 

apounds  of  iron  are  sol 
IT,  however,  especially  i 
ignition,  require  proloi 
i  solution  of  many  iro 
I,  may  be  facilitated  by 
>  ferrous  oxide.  Many 
le  carbonates ;  some  on 
illy  exists  in  solution  i 
)T ;  rarely  as  ferric  aci( 

salts  in  solution  are 
the  iron-alums)  coloui 
or  acid  solution  of  a  ft 
thus: 

Fe«Cl«  +  I 

n  of  neutral  or  basic  i 
cf  sulphide  of  iron ;  i 
g  but  a  milky  precipil 
ate  of  afitmoniwn  pre 
of  sulphide  of  iron  i] 
ly  oxidation  in  contact 
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ires  a  green  ooloiir,  and 
m  in  black  flocks, 
ecipitate  of  feme  hydra 

up  with  a  fBiric  solntio: 

hosphate,  which  is  tumf 
c  acid,  but  is  insolnble  : 

if  Prussian  blue,  insolub 
>xide.  If  the  quantity  < 
;he  liquid  merely  aoquir 

es  the  colour  of  the  liqu 
isent^  a  blue  precipitate 

Its  to  deep  blood-red,  t1 
tions :  this  is,  in  &ct,  tl 
!  state.  The  red  colour 
acid ;  but  a  large  quanti 
foys  it  completely  after 
ric  salt  The  red  colour 
s,  but  reappears  on  aga 
jrises  the  red  solution  ai 
black  precipitate  of  fen 

and  renders  them  tnrbi 

acids. 

ie-oxiditing  agents  ;  as  1 
Iphurous,  and  phoephoro 

by  silver  at  the  boili] 

or  fem-cyanide  of  pots 
ferric  salts  ftom  all  otfa 

bluish  colour,  and,  wh 
>lly  or  partially  into  fen 
1  a  neutral  ferric  salt  wi 
i  in  the  form  of  a  yello 
alts  by  aerated  water,  1 
Uic  oxides  and  salts,  su 
is  the  oxidising  agent,  t 
I  at  ordinary  temperalup 
remains  dissolyed,  formL 

placed  in  the  circuit  of 
granules  on  the  negati 

of  common  salt  separat 
1  glittering  crystals  whi 
a  perfectly  neutral  soluti 
^e,  throws  down  metal 
le  zinc,  partly  on  the  cc 

B  salt  containing  an  exc< 
taining  only  a  weaker  ac 
tee  part  of  the  iron,  in  t 
n  the  three  last^montion 
>e;  the  same  reagent  pi 
s  sulphate  and  chloride, 
ulphate  or  chloride  mix 
(ortion  of  the  iron,  but  r 
re^ipitate  acquires  a  nij 
I  hydrochloric  or  eulphu 
1  it  docs  not  contain  exe« 

of  the  iron,  is  pn)duced 
and  it  is  not  soluble  in 

Bulphydrdto  of  ammuuii 
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18  added,  asfiimes  a  green  oob 
suspenBion. 

Fixed  eautHe  alkalis  complete] 
which,  by  exposure  to  the  air, 
colour. — Ammonia  throws  down 
remaining  diasolyed  in  the  liqn 
first  with  a  green  and  afterwards 
mixed  with  sal-ammoniac,  amn 
mixture  which  exhibits  similar  a 

Monoearbonate  of  potassium  t 
down  white  feirous  carbonate,  i 
colour  by  exposure  to  the  air,  an 
which  then  exhibits  a  green,  am 
air.  Acid  carbonate  of  potassium 
of  carbonic  anhydride ;  but^  if  tlu 
deposits  ferrous  carbonate  on  b< 
of  ferroso-fezrie  hydrate. — The 
ferrous  salts.    {[Fuehs.) 

Phosphate  of  sodium  predpiti 
green  colour  by  exposure  to  the 
arsenate,  which  becomes  dingy-g 

Oxalie  aoid  and  acid  oxalate 
Baits,  and,  after  a  while,  throw  < 
immediate  when  an  alkaline  oxal 

Ferrocpanide  of  potassium  foi 
been  perfectly  freed  from  air  by 
oxide,  but  otherwise  bluiah-wh] 
verted  into  Prussian-blue.  Fen 
(ii  244),  even  in  yery  dilute  solu 

Sulphocyanate  of  potassium  nc 
any  precipitate  in  thenL 

THncture  of  galls  neither  ooloi 
free  from  fBiric  oxide ;  but  the  i 
the  air. 

The  preceding  reactions,  e8pe< 
ferricyanide,  and  sulphocyanate 
ferrous  and  ferric  salts ;  it  is  but 
so  pure  as  to  giye  the  reactions 
air  for  a  yery  short  time  being  si 
salt :  hence  the  precipitate  forme 
bluish,  and  those  formed  by  tli 
The  best  way  of  obtaining  a  soli 
a  few  pieces  of  bright  iron  win 
sulphite  and  hyposulphite  is  th< 
witn  ferrocyanide  of  potassium. 

Solutions  containing  both  ferro 
magnetic  oxide  of  iron  in  hydr 
between  those  of  pure  ferrous  an 
cipitates  both  with  ferrocyanide  i 
both  these  precipitates  in  a  soluti 
or  sulphune  aad,  without  the  i 
may  be  taken  as  an  indication  t 
ferrous  and  ferric  oxides.  From 
cipitated  by  means  of  carbonate 
solution. 

For  the  reactions  of  iron  in  the 

8.  Quanta 

Iron  is  always  estimated  by  w 
tains  ferrous  oxide,  either  alone 
sufficient  quantity  of  nitric  acid 
oxide,  and  then  treated  with  amn 
tate  is  collected  on  a  filter,  was 
hiffh  a  temperature  expeiB  a  pc 
oxide  correspond  to  7  pts.  of  n 
to  use  potash  as  the  preapitant 
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y  diffieoH  to  ivmovt, 
three  times  with  hot 
nr  cases,  as  when  the 
■Pj^ide  of  ammonium. 
To  ensure  complete 
r  ammoninm,  should 
till  it  becomes  quite 
it  from  the  air,  and 
Q.  The  precipitat4*d 
r  ammonia  as  befom. 
i  easily  combustible 
ontact  with  the  air ; 
l)umt  away,  and  the 
lete  oonTeraion  into 
ic  acid,  and  heated 

V.  Chem.  xriL  160), 
r  dissolves  but  very 
if  kept  from  contact 
,  with  formation  of 


drochloric  acid  and 
too  thin  (from  16  to 
I  in  the  liquid ;  the 

piissing  through  it, 
:>r  colourless.  It  is 
solved  copper;  this 
I,  then  dried  between 

weighed.  The  loss 
ition :  for  each  atom 


d  /?-  -  0-884. 
634 


Or 


atity  of  ferric  oxide 

to  ferrous  chloride, 
d  therefore  that  the 
irless. 

uric  diloride.  The 
tlution,  and  chloride 
iFeight.  As  in  thin 
le  silver  correspondu 
reight  multiplied  by 

^  B    2-2535  irives 

determine  the  quan- 
tion.  The  quantity 
lined  as  above,  the 
cessaxy,  however,  to 
lospheric  oxidation : 
Dosphere  of  nitrogen 
reated  with  chlorine 
lis  solution  the  total 
oe  of  the  two  detor- 

carbonate  of  barium 
ghtljr  add  solutions, 
ly  add,  since  if  it  is 
e  predpitated.  The 
ecently  predpitated 
ialdum),  in  a  corked 
aken  up  again  ftom 
1,  and  the  predpitato 
redpttate,  oonaurting 
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e  of  barium  mixed  wi 
jytapredpitated  by  i 
EL  Tnis  determinefl  1 
,nd  the  qoftntity  exist 
ODAte  of  barium  and 
ferric  salts,  then  firee 
ferric  oxide  by  treat 
oal  solution  may  be  t 
and  the  total  quantit 
noe  of  the  two  determ 

08  ferroeo-fierric  oxid 

ic  add,  and  predpi 

of  iron  and  oxyge] 

trie  estimationof 
Tous  salt,  it  may  be  e 
red  to  convert  it  int< 
I,  the  estimation  maj 
red  to  bring  it  to  the 
kU  depending  on  ox\ 
ferrous  into  ferric  oxid 
d  of  applying  it  is  1 
f  the  iron  in  the  solu1 
I  is  directly  applicab 
erricum.  it  must  first 
acid  or  sulphite  of  sc 
ferrous  and  ferric  sa 
li  the  permanganate  d 
3er  just  described. 
mtate  of  potassium  m 
I  advantaige  of  not  t 
»ls.  The  reaction  bet 
he  equation : 

2CrO«    + 
Chromic 
anhjrdride. 

Ind  that  1  grm.  of  iroi 

to  conyert  it  from 

id  chromate  are  mad 

I  solution  will  coires; 
ite  is  slowly  added  U 
as  a  blue  precipitati 

(Ann.  Ch.  Fharm.  h 
c  acid,  a  weighed  qm 
ddation  of  the  ferrou 
iodide  of  potassium,  i 

described  under  Ai 
It,  1  at  K«0.2CrO»  \ 
»rtion  of  the  chlorine 
le  1  at.  lees  of  iodine 
y  of  iron  x  will  therei 

"id 

lotes  the  weight  of  ac 
n  the  article  ^ust  cite< 
Bxact  estimation  of  ir 
ne  containing  8*785  { 

II  grm.  iron ;  the  sec 
TB,  iron.  A  quantity 
say  1'05  grm.  pig  iro 
50  per  cent  iron)  is  t 
f  the  iron  in  solution 
>lution  is  then  mixed 
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886  IRON  : 

4.  Separation  bj 

From  all  metAls  of  the  fint  gion] 
aeidt  whieh  throws  down  all  tluMo  i 
which  oontaiDS  the  iron  in  the  forn 
acid  to  oxidise  the  iron,  which  may  •• 

The  separation  of  iron  from  the  mel 
bj  sulphydric  acid  from  add  solnti 
eolphiae  of  ammonium  from  neutra! 

From  manganese  (present  as 
effectuallj  separated  by  tuceinaU  oi 
the  iron  has  been  bron^ht  to  the  stal 
of  sal-ammoniac  to  hold  the  manmia 
with  ammonia ;  it  is  then  treated  wit] 
down  the  iron  as  ferric  benzoate  or 
tion.  The  precipitate  is  washed,  dj 
that  the  air  may  naT«  sufficient  aco 
the  carbon  of  the  organic  acid.  8h( 
reoxidised  by  nitric  add.  The  sace 
the  care  with  which  the  acid  in  the  s 
the  benzoate  or  suocinalie.  If  too  ra 
goes  down  with  the  iron ;  if  too  lil 
addition  of  ammonia  should  be  con 
cipitated,  and  does  not  redissolTe  o 
deep  brown  colour,  the  greater  pait  < 

The  separation  of  iron  {tMferrieu 
by  agitatmff  the  solution  with  earbo% 
ferrous  oxide,  p.  S88),  which  predpi 
metals  in  solution. 

According  to  J.  Schiel  (SilL  An 
ftom  iron  by  mixing  the  solution  wit 
it,  which  throws  down  the  maaganes 

Zinc  may  be  separated  from  iron 
solution  containing  a  sufficient  quant 
sulphydric  acid  gas  through  the  so 
iron  remains  in  solution.  If  the  twt 
must  be  precipitated  by  carbonate  oj 
they  are  present  as  sulphates,  they  n 
with  acetate  of  barium. 

For  the  methods  of  separating  iron 
metals  are  precipitated  together  by 
effected  by  digesting  the  sulphides 
acid ;  the  iron  then  dissolres  as  aceti 

Iron  may  be  separated  tram  nick* 
that  with  nitrite  of  potassium).  Ni< 
by  mixing  the  solution  with  a  large 
1  pt  of  nickel),  predpitating  the  ire 
liquid  slowly  to  the  boiling  point,  kef 
a  small  quanti^  of  ammonia  and  f 
while  all  the  nickel  passes  through 
xcvii  216).  Iron  and  nickel  may  a] 
oxide  with  carbonate  of  barium,  Fo: 
is  not  so  well  adapted,  because  a  smi 
at  the  same  time. 

Uranium  may  be  separated  from 
treating  the  solution  with  excess  of 
ferric  oxide,  and  retains  the  uranium 
however,  be  quite  neutral,  as  if  it  con 
may  be  redissolved.  To  ensure  this  i 
previously  boiled,  and  the  solution  i 
ammonia  till  a  slight  permanent  p 
to  be  diluted  with  wi^,  the  carl 
diffested  with  it  fDr  some  time  before 

For  the  separation  of  iron  from  c 
molybdenum,  niobium,  platin 
tungsten,  and  vanadium,  see  thof 
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ferric  salt  may  lie  sep:initcd  by  caustic 
Lied  with  the  concentrated  solution  of  the 
ide,  and  retains  the  alumina  in  solution, 
eding  1  pt  ferric  oxide  to  100  alumina), 
>t ;  but  when  it  is  larger,  a  portion  of  t^e 
e^  and  must  be  separated  by  redissolving 
chloric  acid,  and  repeating  the  trctitment 

iron,  this  treatment  must  sometimes  be 

separation  is  effected.  The  process  may 
ation  with  sulphuroiis  acid  or  an  alkaline 

the  iron  is  precipitated  as  dark  peen 
e  separation  is  not  quite  complete ;  if  too 
tity  of  sulphite  of  aluminium  is  sometime* 

anch  more  easily  separated  bv  means  of 
lumina  together  with  sulphur,  leaving  the 

iron  and  aluminium  is  to  mix  the  solution 
t  prevent  the  precipitation  of  the  oxides 
Id  excess  of  ammonia,  and  precipitate  the 
The  same  method  serves  to  separate  iron 
inum,  magnesium,  thorinum,  yttrium,  and 

separated  from  iron  by  precipitating  the 
itonio,  and  igniting  a  weighed  quantity  of 
stream  df  hydrogen.  The  iron  is  then 
na  remains  unaltered.  The  loss  of  weight 
ibined  with  the  iron,  whence  the  quanrity 
alumina  determined  by  difference.  As  a 
sssary  when  the  quantity  of  iron  is  small, 
rithout  heating,  m  very  dilute  nitric  acid 
ith  more  than  30  pts.  water),  which  dis- 
alumina.  A  sliglit  loss  may  arise  in  this 
lumina  (or  glucina)  being  carried  over  by 
e  modifies  this  process  by  exposing  the 
led  as  above,  to  a  very  strong  red  heat,  in 
the  iron  is  volatilised  as  chloride,  while 
ifterwards  be  weighed;  the  iron  is  then 
ly  also  be  directly  determined  by  passing 
>  the  tube  and  attached  receiver,  in  which 
the  solution  of  ferrous  chloride  thus  ob« 
ammonia. 

otoxides,  iron  in  the  form  of  sesquioxide 
onate  of  barium  (p.  383). 
irated  bv  precipitation  with  ammonia  after 
nate  or  benzoate  of  ammonium^  as  already 
irbonate  of  barium. 

hs,  ferric  oxide  may  be  separated  by  am- 
however,  care  must  be  taken  not  to  add 
1  to  protect  the  precipitate  from  the  air 
arbonic  acid  will  be  absorbed,  and  earthy 
rith  the  ferric  oxide,  and  the  precipitate, 
it  must  then  be  redissolved  in  acid,  and 
n  contains  any  organic  substance,  the  iron 
um  (p.  383). 

Lte  iron  in  the  ferric  state  from  most  of  its 
c  From  phosphoric  or  boric  add  it 
hydrochloric  acid,  adding  tartaric  acid  in 
»y  alkalis,  then  adding  excess  of  ammonia, 
monium. — For  other  methods  of  analysing 

ly  precipitation  with  sulphydrie  acid,  the 
n  hydrochloric  acid.    These  salts  may  also 
n  a  stream  of  sulphydrie  add  gas,  sulphide 
iron  remaining.    (See  also  p.  374.) 
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insists  of  qtuirtz  or  cIaj,  or  trith  clay  if  the  gangue  is  chiefly  limestone.    To 

approximately  the  quantity  of  flux  required,  a  preliminaiiy  analysis  may  be 

I.  By  gently  igniting  10  grms.  of  the  ore,  to  determine  the  amount  of  water  and 

—  A      o    tj..  — 1 ►.•^g  another  sample  with  very  dilute  nitric  acid,  to 

it  after  washing  and  heating,  the  amount  of  water, 
gether.  —3.  By  boiling  with  hydrochloric  acid  till  all 
^hing  the  residue,  which  consists  of  quartz  and  day : 
iment,  compared  with  that  in  the  second,  gives  the 

10  grms.  of  the  ore  are  mixed  with  such  a  quantity  of 
contain  3  pts.  chalk  to  2  pts.  clay  (Regnault).  A 
orax  may  likewise  be  added.  For  rich  ores,  Eiunten 
.  calcined  borax  to  10  grms.  of  ore ;  for  the  poorer 
quantity  of  chalk ;  and  for  very  poor  ores,  the  same, 

I  certain  quantity  of  clay  or  quartz  is  added  with  the 
I  mixed  with  the  following  proportions  of  flux : 


Ignn. 

0-6    „ 

2-6    „ 

20    „ 

2-6  to  30   „ 

chalk  and 

n 

If 

2'9  grms.  fluorspac 
26    ,. 
2-6    „ 
20    „ 
2-6  to  30    „ 

10    ., 

n 

20  to  30    ,,            „ 

bas  been  added,  and  the  proper  temperature  attained, 
iduced  (p.  388),  toffether  with  a  ^^ood  slag,  having  a 
t  colour,  an  enamel-like  or  sometimes  glassy  aspect, 
)  slag  is  stony  or  earthy,  yellow,  grey,  or  brown,  ^t-ith 
Lses ;  too  great  an  excess  of  lime  causes  it  to  crumble 
other  hand,  there  is  an  excess  of  silica,  the  slag  is 
>f  green  colour  (arising  from  ferrous  oxide),  and  very 
fdl  assay  yield  the  requisite  data  for  smelting  on  the 

omie  Weight  of  Iron, 

a  been  determined  in  several  ways: — 1.  From  the 
y  dissolving  a  known  quantity  of  pure  iron  (harpei- 
[pitating  with  ammonia,  &c.,  the  small  quantity  of 
g  estimated  and  allowed  for. — 2.  From  the  quantity 
lown  weight  of  ferric  oxide  with  hydrogen. — 3.  By 
n  evolved  in  the  solution  of  iron  in  hydrochloric  acid, 
le  of  silver  obtained  by  precipitating  a  known  quan- 
de  with  nitrate  of  silver.  The  following  table  exhibits 
lemists ;  the  determinations  are  arranged  in  chronolo- 
mbers  indicate  the  method  employed: 


2712 
28-36 
28-27 
27-98 
27-94 
27-99 


BerzeliusJ  (1)    .        .        .  Fe  »   2803 
£rdinann&Marehand|(2)  Fe  -    28*01 

Maumen«t(l).        .        -Fe-I^J;^^ 

Duma«»*(4)      .       .        .Fe-j^S^O 

im  the  first  experiments  of  Berzelius,  was  for  many 
lie  weight  of  iron,  although  Bucholz,  some  years 
of  the  composition  of  ferric  oxide,  which  now  Hpp)eHrs 
3eizelius  was  afterwards  led  to  conclude  that  his  first 
I  error,  arising  from  the  action  of  the  nitric  acid  on 
subsequent  experiments,  in  which  platinum  vessels 
ligher  number  28*03.  The  whole  number  28,  which 
irorthy  determinations,  is  now  universally  adopted  hs 
a  the  supposition  that  the  metal  is  univalent  m  tho 
le  ferric  salts,  0^.  ferrous  chloride  a  AC?;   ferric 

Ann  Chim.  Ixxz.  163.  %  Phil.  Trait,  dl  181. 

Ibkl.  Hi.  SIS.  %  Ann.  Ch.  Fbya.  [3]  xsx.  StO. 
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390  IRON:  FLUORID! 

chloride  ■>  iVCT*.    If,  howeyer,  iron  is  suppo 
trivalent  in  the  feme  compoundB — which  is  tli 

FenoTiB  chloride         .        .  FeCl*  I  F< 
FeiTouB  oxide     .        .        .    FeO  |  F< 

then  the  atomic  weight  is  Fe«*66.    (See  Mk 
iL80.) 

The  equivalent  of  iron,  that  is  to  eay,  tl 
1  at  of  hydrogen,  is,  in  the  ferrous  compounds 
compounds,  e.g»  Fe'Cl*,  or  FeCl*,  it  is  |  of  28, 
(See  EQUiYAUom,  ii.  408.) 

JCROVi  r&vrOBniBS  or.  Ferrous  fiu 
iron  in  aqueous  hydrofluoric  add,  and  crystal 
approaches  saturation,  in  small,  colourless,  rec 
they  give  off  without  decomposition  when  mod 
is  not  altered  by  ignition,  even  in  contact  wi 
turns  yellow  on  exposure  to  the  air,  and  if  q 
off  hydrofluoric  acid.  The  hydrated  crystal 
easily  in  acids.  Ferrous  fluoride  forms  with* 
salt,  2KF.FeF',  which  separates  in  granular  c 

Ferric  fluoride^  Fe'F*,  is  obtained  by  dissoh 
hydiofluoric  acid,  and  separates  on  eyaporatioi 
heaUd  in  a  platinum  crucible,  over  a  lamp 
exhibiting  On  the  sur&ce  small  cubic  crystals 
a  rose-red  colour,  perhaps  due  to  the  fonnat 
Ferric  fluoride  is  isomorphous  with  fluoride  of 
that  compound,  and  equally  volatile.    (Devil 

Ferric  fluoride  dissolves  slowly  but  com{ 
sweetish,  astringent  liquid.  Its  solution  mixe 
oxyfluoride,  which,  when  dry,  forms  a  rust-yel 

Mixtures  of  the  solutions  of  ferric  fluoride  a 
cooling,  colourless,  crystalline,  sparingly  solul 
ferric  fluoride  is  added  by  drops  to  that  of  i 
2KF.Fe«F*,  in  the  contrary  case,  4KF.Fe«F«. 

ntOV-O&AVOB.  Specular  Iron  ore,  S 
(p.  888). 

JCROV,  HTBSATaS  OV.    See  Ibok,  0: 

JCROV,  HramiBS  or.  The  flame  of 
dilute  acids  sometimes  yields  black  spots  whei 
and  has  hence  been  supposed  to  contain  a  gase 
Fresenius  and  Schlossberger  (Ann.  Ch. 
have  shown  that  these  spots  are  produced  I 
perfectly  freed  from  mechanical  impurities,  doe 
News,  ii.  181)  has  shown  that  no  ferruretted 
alloy  of  iron  and  sodium  in  acids. 

When  ferrous  iodide  is  treated  with  sinc-et 
of  hydride  of  ethyl  and  hydrogen),  and  the  re 
hydride  of  iron,  mixed  with  metallic  iro 
sembling  metallic  iron,  and  decomposing  with 
water,  or  when  heated.    (Wanklyn  and  Cai 

ntOV,  ZOBSDBS  or.  Ferrous  Iodide, 
k)dine  with  a  slight  excess  of  iron  fllings,  is  a 
heat,  forms  a  grey  laminar  mass  on  cooling, 
dissolves  readuy  in  water,  and  the  pale  gre< 
directly  by  digesting  1  pt.  iron  and  from  2 
evaporated  in  contact  with  iron,  and  protected  ; 
containing  FeP.6H*0.  Both  crystals  and  m 
quickly  turn  brown,  from  formation  of  oxjdodi 
iodine.  Ferrous  iodide  cannot,  therefore,  be  c 
state  or  in  solution ;  it  keeps  best  when  mixe 
sugar  or  milk-sugar.  For  preparing  the  comp 
that  1  pt.  iodine  be  converted  into  ferrous  ioc 
the  Altered  liquid  mixed  with  25  pts.  >f  simple 
down  to  26  pts.;  20  pts.  of  this  syrup  couU 
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I  wanted,  which  ia  not  difficult, 

arbonatM,  yiftldi  iodtd«  of  the 
hose  compounds, 
on  adding  1  at.  iodine  to  8  at. 
Fe*!'),  which,  when  mixed  with 
d  black  ferroso-ferric  hydrate ; 
ted  ferrons  iodide,  or  a  ferroeo- 

Dt  appears  to  be  formed  when 
nltio^  compound  dissolved  in 
ftt  which  is  obtained  by  dissolr- 
rrons  hydrate  in  hydriodic  acid, 
line  and  deposit  ferric  hydrate. 


dness  in  a  porcelain  tube,  and 
brittle,  and  increases  in  weight 
supposed  by  Despretz  (Ann. 
it  has  not  been  analysed,  and  is 
;  dissolves  in  weak  acids,  with 
ammoniacal  salts.  At  a  white 
1,  at  a  red  heat^  withdraws  the 

found  to  be  altered  in  physical 
such  a  case,  the  combination  of 
leless  appears  to  alter  its  mo- 

s  ignited  in  ammonia  gas ;  also 
er  red-hot  iron.     (Pelouze  et 

tiogen  in  steel,  see  Stebl. 

res  de  fir.    (Roussin,  Ann. 

simultaneous  action  of  nitrites 
ic  oxide,  together  with  sulphide 

and  may  therefore  perhaps  be 
Tanides  (ii.  250),  that  is  to  say, 
i  by  2  at  nitrosyl,  NO.  They 
9  fourth,  or  sometimes  the  half, 
univalent  quantity  of  nitrosyl. 
lides  is  shown  by  the  fact,  that 
letely  decomposed  by  sulphydric 
lue  contains  dinitrosulphide  of 
e  by  treating  it  with  cyanide  of 
Bsium  yields  a  nitroferricyanide 
thide  of  iron  when  treated  with 
Df  compounds  can  the  iron  be 

NO)«J'eS.(NO)«.H-S,  or  Fe»S« 
solution  of  feme  chloride  or  sul- 
tions  of  nitrite  of  potassium  and 
>ping  it  at  the  boiling  heat  for  a 
coloured  liquid  deposits  ci^stals 
late  dissolved  in  0*2  litre  of  de- 
trite  of  potassium,  and  16  grms. 
r,  and  the  solution  is  boiled  and 
adon,  no  separation  of  sulphur 
tion. 

jblique  rhombie  prisma,  2  mm. 
irater,  easily  soluble  in  alcohol, 
ley  diiMolve  in  all  nropoitions  in 
lutions  are  veij  aeep-coloured, 
lain  unaltered  in  air  containing 
tions.  When  heated  to  116<>— 
hur,  sttlpbits  of  ammonium,  and 
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nitrite  of  ammonium,  and 
away.  The  compound  is  ea 
▼aponn,  not  by  ozganie  ac 
nitric  oxide  and  aeparatioD 
ammonia,  much  more  slow! 
of  potasriom,  peroxide  of  1 
the  solution,  inth  e1iminal;i 
mercury  convert  the  ciysta 

The  crystala  are  not  deo 
or  ferri-cyanide  of  potass 
indication  of  the  presence 
potash  or  soda  in  the  cold, 
yield  ferric  hydrate,  togetli 

SulpkuretUd  NUrotulpki 
— Thif*  compound  forms  hu 
water  and  in  alcohol,  but  i 
solution  is  decomposed,  wit 
oxide.  It  forms  precipiti 
attended  with  evolution  of 
addition  of  potash  or  amn 
not  altered  by  sulphide  of  a 
of  potassium  they  yield  nit 

Sulphuretted  Nitroeulphi 
sopiirates  in  reddish  flocks, 
gives  off  sulphydrie  acid  a 

Nitroeulphide  of  Iron^  I 
phydric  acid,  when  sulphui 
acid  at  the  boiling  heat.  '. 
dried,  bums  away  like  tind 
sulphide  of  iron.  It  is  ini 
potash,  with  partial  deoom 

NitrosulpkuU  of  iron  a\ 
Formed  by  evaporating  a  i 
100^,  and  treating  the  re 
black  by  reflected  light;  di 
is  insoluble  in  chloroform  i 
metallic  salts,  forming  insi 
otlier  metal.  Some  of  the 
silver  precipitate  for  < 


TROm  OSB8.     Thei 

to  be  available  for  the  exti 

843).    For  the  methods  of 

The  following  mineralog 

ArffiUaceouB  or  day  Iro\ 

oxide  or  carbonate  of  iron 

ply  *'clay  iron-stone ;"  anh 

are  called  "red  day  iron-6( 

Azotamout  Iron  Ore,  or 

ore.    (See  TrrANATBS.) 

Boff  Iron  Ore, — ^A  brittle 
in  low  marshy  groundsL  I 
takes  the  form  of  leaves,  n 
Brown  Iron  Ore. — ^Hydi 
Oolumnar  Iron  Ore, — R 
Oreen  Iron  Ore. — Hydn 
Jatpery  Iron  Ore. — ^A  vax 
LenHeular  Iron  Ore. — A 
Magnetic  Iron  Ore. — ^Fei 
MicaeeouB  Iron  Ore. — 8f 
OckreouB  Iron  Ore. — Be* 
Octahedral  Iron  Ore.--^ 
PUchy  Iron  Ore. — ^A  vai 
Red  Iron  Ore.— Native  1 
Sparry  or  Spaikie  Iron  < 
SpeeuUtr  Iron  Ore, — ^Rec 
Tiian\ferou»  Iron  Ore.^ 
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398  IRON 

7.  CxTstallised  fenouB  carbonate,  igni 
consistio^,    according    to    Kramer,    of 
SFeO.Fe'O' ;  according  to  Glasson,  of 
being  doubtless  influenced  by  the  rapidi 

8.  The  old  pharmaceutical  prepa  ratio 
oxide,  or  mixture  of  ferrous  and  ferri< 
oxidising  iron  in  a  current  of  aqueous  v; 
ignition  with  iron  filings,  or  with  a  qva 
moist  powder ;  the  prepuration  obtained 

Ferroso-ferric  oxide  is  easily  reduced  t 
charcoal,  carbonic  oxide,  or  ammonia-ga 
into  ferric  oxide. 

Ferroso-ferric  Hydrates. — The 
obtained  by  the  partial  oxidation  of  fe 
eipitating  mixtures  of  ferrous  and  ferric 
in  contact  with  air  and  water. 

a.  Dingy-green  HydraU. — ^By  exposing 
time — or  by  precipitating  a  mixture  of  a 
with  potash  or  ammonia — a  diiiffy-grreei 
which,  on  further  exposure  to  t£e  air, 
hydrate. 

/3.  Wack  Hydrate,— \.  This  hydrate,  y 
•t  .tH^O,  is  precipitated  firom  a  solution 
from  a  mixture  of  equivalent  proportion 
of  potash  or  ammonia.  The  yellow  soli 
yields,  with  ammonia,  a  brownish-bUck 
the  liquid,  so  that  it  collects  round  a 
washed  on  the  filter  without  becoming  1 
Poprg.  Ann.  xxi.  583). — 2.  The  same  pre( 
sulphate  with  ferrous  sulphate,  in  such 
mixture  may  contain  three  times  as  mu( 
tating  with  ammonia  (Abich,  Pogg.  i 
frrrous  sulphate  are  taken :  the  first  is 
acid,  and  oxidated  at  a  boiling  heat  by  t 
A  time.  The  other  portion  is  dissolved 
solutions  are  then  mixed ;  the  mixture,  ¥ 
at  once  in  excess ;  and  the  liquid,  togethc 
so  •  e  minutes  to  the  boiling  point  Th 
lected  on  a  filter  and  washed—during  wl 
and  then  dried  at  a  gentle  heat  (Wo  h  1  e 
should  yield  2FeO.Fe'0* ;  but  even  if  a 
duced  by  the  nitric  acid  still  remaining 
that  oxide  is  sure  to  be  increased  by  dec 
ii.  12)  precipitates  ferrous  sulphate  free  fr 
sodium ;  washes  the  precipitate  several 
tolerably  concentrated  caustic  potash, 
much  less  liable  to  absorb  an  additional 
precipitated  by  ammonia. — 6.  Noel  (J.  ] 
with  carbonate  of  sodium,  washes  the  f 
drain  upon  linen,  and  then  heats  it  in  a 
is  dry.  It  is  thereby  converted  into  a  \ 
this  process  a  precipitate  which  was  not  p 
chloric  acid,  evolved  carbonic  anhydridt 
iron  and  5  pts.  of  ferric  oxide  into  a  flasl 
water,  and  boils  the  liquid  gently  for  som 
gas,  and  turns  dark  brown  at  first,  but  a 
ceases,  and  the  resulting  black  powder  1 
tion  fh>m  the  excess  of  iron ;  thrown  on 
after  the  water  has  drained  ofi^  is  wrappc 
dried  in  hot  air.  The  black,  very  loose  | 
gas,  and  the  solution  yields  a  black  preci 
cipitate  must  not  be  dried  by  heat,  beci 
higher  oxidation.    (Wohler,  Ann.  Phai 

The  black  hydn^  of  ferroso-ferric  03 
brown  black,  brittle,  strongly  magnetic  h 
ing  a  dark-brown  powder.  It  contains 
when  heated  in  a  retort^  leaving  black  a 
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grejiBh-yellow,  easily  polreriaable  com]: 
the  compoeition  of  ferric  selenide,  Fe^ 

JCROWf  SUXFBXBBS  OV.  Iron  i 
under  viirioue  circumstances,  and  in  8eT< 
sulphides  containing  less  than  1  at.  sulp 
ferrous  gulphide,  FeS  ;  a  seaquisulphide  < 
nnd  a  compound  called  the  magnetic  sul] 
pn>to-  and  sesqui -sulphides.  Metallic  i 
or  other  of  the  four  last>mentioned  coi 
df»gree  of  sulphuration  being  less  as  th 
Fogg.  Ann.  cxxi.  337.) 

An  ootofinrric  malplilde*  Fe^,  is  fo 
dibasic  ferric  sulphate  (p.  396).  It  is  t 
treated  with  dilute  acids,  yields  a  mix! 
phydric  acid. 

A  Itemlsiilplilde,  Fe^,  is  produce 
hydrogen  gas,  half  of  the  sulphur  being 
a  dark  groy,  coherent,  magnetic  powder, 
off  equal  volumes  of  hydrogen  and  sul  pi 
gas,  it  takes  up  sulphur  and  is  convertec 
with  other  metallic  sulphides,  in  many 
lead  and  copper  ores. 

Frotosiilplilde«  or  rerraiis  snip] 
specimens  of  meteoric  iron,  sometimes  ir 
times  as  a  grey  powder  possessing  meta 
Pogg.  Ann.  cxxi.  363.) 

It  has  not  bet^n  found  in  the  free  state 
nation  Mrith  sulphide  of  nickel,  and  mixo 
coloured  mineral,  with  octahedral  cleavi 
hammer,  in  Norway.  This  mineral,  afU 
contains  36*7  percent,  sulphur,  41*1  ir 
with  the  formula  2FeS.Ni^.    (Ramme 

Ferrous  sulphide  is  produced:  1.  By 
cither  at  a  red  heat,  or  at  lower  tempei 
wire  introduced  into  sulphur-vapour  bi 
/3.  When  iron  filings  are  gradually  heater 
their  weight  of  sulphur,  3ie  mass,  when 
nees,  l>ogin8  to  glow,  and  combination 
throughout  the  entire  mass. — y.  Sulphoi 
it,  and  forms  ferrous  sulphide,  which  run 
8.  Ferrous  sulphide  may  also  be  obtained 
28  pts.  iron  filings  and  16  pts.  sulphur,  a 
takes  place,  attended  with  consiaerable 
quantity  of  mixture  of  2  pts.  sulphur  and 
water,  and  covered  with  earth,  tne  mass 
large  quantity  of  steam,  which  throws  u 
of  an  artificial  volcano. 

2.  By  igniting  ferric  oxide  or  scale -ox: 
pyrites,  ferric  sidphide,  or  magnetic  pyri 
iron  filings,  or  in  an  atmosphere  of  hyd 
bright  red  heat  in  a  crucible  lined  with  c 
sulphide  in  the  wet  way  bv  contact  with 
tatin^r  ferrous  salts  with  alkaline  sulphid 

Ferrous  sulphide  prepared  in  the  di 
lustre,  or  sometimes  a  bhick  porous  mass 
Berzelius,  only  when  it  contains  a  portio 
alter  sensibly  by  exposure  to  the  air  at  < 
by  ignition,  even  to  whiteness,  in  close  v< 
partly  converted  into  ferrous  sulphate  ;  wl 
evolved,  and  ferric  oxide  remains  behii 
ferric  oxide  and  sulphuric  acid  being  for 
dilute  sulphuric  or  hydrochloric  acid^  wit 
however,  it  is  mixed  with  metallic  iron, ' 
phide  obtained  by  igniting  iron  filings  wii 
acid  and  firee  hydrogen.  Aqueous  vapot 
eouTerts  it,  with  evolution  of  much  hydn 
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the  sulphide  of  iron,  lalphydrie  acid  and 
ion  of  water,  yields  hjrdrogen  gas  and 
ilphor  remains,  eren  idfter  three  hours* 

379  V  Chlorine  gas  does  not  decompose 
tien  neated  in  the  gas,  yields  chlorioe  of 
e,  Fogg.  Ann.  xliL  640).  Protoenlphide 
ice  its  weight  of  carbonate  of  sodium  or 
ighly  magnetic  mass,  firom  which  water 
1  a  trace  of  sulphuric  add.  Baryta  and 
e  Tiscidity  of  tne  slag  prerents  the  iron 
3h.  Phys.  [2]  xxri.  170).  When  proto- 
eight  of  protoxide  of  lead,  the  whole  of 
ous  anhydride,  metallic  lead  is  separated, 
protoxide  of  lead  is  produced. 
I  a  black  amorphous  substance,  perhaps 
t  has  a  dark  green  colour.  In  the  moist 
i  air,  beinff  converted,  first  into  ferrous 
e  ferric  su^hate.    It  exhibits  the  same 

the  dry  way,  but  is  much  more  easily 
dy  in  adds,  with  yiolent    evolution  of 

sess- pools,  ponds  and  morasses,  owes  its 
y  the  putrefaction  of  organic  matters  in 

Fe*S*, — This  compound  is  probably 
*S*  (ii.  77),  and  of  magnetic  pyrites 
to  moderate  redness,  or  ferric  oxide  to 
iter  case,  however,  the  product  is  mixed 
i  times  repeated  (Ram melsberg, Fogg, 
nay  also  be  obtained  by  the  action  of 
ferric  hydrate  at  ordinary  temperatures, 
phate  into  excess  of  sulphydratn  of  am- 
r,  the  product  obtained  by  heating  ferric 
short  of  redness,  is  an  oxysulphide  con- 
fter  stronger  heating,  the  product  contains 
nantity  of  ferrous  sulphide ;  and  if  the 
IS  at  last  a  sulphide  of  iron  free  from 
tic  pyrites. 

r,  isayellow-ffrey,  non-magnetic  powder, 
prm  off  sulj^ur  and  leaves  magnetic 
uickly  in  contact  with  the  air,  especially 
,  Acids  decompose  it,  with  formation  of 
.  predpitation  of  sulphur, 
a— This  sulphide  occurs  native  as  mag- 
irith  a  slight  excess  of  sulphur  till  the 
redness  in  a  covered  crudble.  As  thus 
iss-yellow  colour;  is  attracted  by  the 
oes  not  lose  wdght  when  simply  ignited 
gas,  it  yields  sulphydric  add  and  the 
separation  of  sulphur  and  evolution  of 
remove  a  portion  ofthe  sulphur,  leaving 

8  in  crystals  belonging  to  the  hexagonal 
rabinations  oP .  F, oP .  ooP,  oP .  ooP .  P, 
of  prindpal  to  secondary  axes  »  1 : 1'741» 
amids  B  126°  49' ;  in  the  lateral  edges 
bI  to  oP,  indistinct  parallel  to  ooP.  More 
liar  structure.  Hardness  b  3*6  to  4'5t 
>g).  Lustre  metallic.  Colour  between 
greyish-black.  Fracture  smidl  subcon- 
laffuet.  Tarnishes  quickly.  Before  the 
nd  on  charcoal  in  the  outer  flame,  is 
p  it  melts  and  continues  to  glow  afU'r  the 
;,  is  magnetic  and  has  a  metallic  cryittal* 
fractured  surf&ce. 


Digitized  by 


Google 


402 

The  foUi 
deduetiiigq 


Fe 
8 


Fe 

S 

a.  From 
Conghonas 
Harz;  g,h, 
Xalastoc  in 

These  rei 
may  have  < 
nearly  witi 
6FeS.Fe«S«. 

Nickdifei 
4oi3  to4-6 

B. 

Fe 

Ni 


] 

a.  Maseii 

c.  Laminar 

d.  Miissive, 
copper  pyri 

These  a: 
M«S'  =  ^ 
in  both  deg 

Btoolpl 

in  two  dist 
crvstallises 
8j>ear  pyri 
forms.  O 
erystalline 
crystals  in 
found  in  gr 
coal  format 
mine  the  fc 
found  possi 
ii'iiM  salts, 
sulphide  of 
Yellow 
nant  forms 

the  pentag< 

2  ^ 
either  alom 
Twin-cryst 
hedrons.  < 
hedralface 
often  renifc 
gravity  4-( 
Bplendent; 
Fracture  c 
p.  343.1 

White; 
07454  :  1 


Digitized  by 


Google 


A.MIC  ACID. 


403 


id  prismatic  combiDatkynn,  the  faept 
Cleavage  tolerably  distinct,  parallel 
ler  imitatiye  shapes ;  often  mtMirt, 
Specific  irarity  =-  4678  to  4*847 
TO  metallic  Colour,  pale  bronze- 
eak,  greyish-black  or  brown-black. 

.  By  heating  iron  with  excc8s  of 
el 8 berg,  Pogg.  Ann.  cxxi.  339). — 
B  hydrate,  or  ferrous  carbonate,  at  a 
3  a  stream  of  sulphydric  acid  gas^ 
t-  At  first  the  action  is  so  strong, 
fdmgen  are  eToWed,  and  lower  sul- 
like  up  more  snlphnr,  and  liberate 
)dueed  retains  toe  crystalline  form 
)  lustre  on  the  iaces,  and  the  same 
r  sulphides  of  iron  may  be  brought 
,ting  them  in  like  manner  in  sul- 
mixture  of  2  pts.  protosulphide  of 
mperatnre  short  of  redness,  leares 
netic,  metallic  powder,  not  attacked 
1  intimate  mixture  of  feme  oxide, 
are  a  little  above  that  at  which  the 
lin  small,  brass-yellow  octahedrons 
the  powder  by  lerigation  ( W  6  h  1  er, 
containing  sulphate  of  ammonium  is 
rith  clay,  the  clay  covering  becomes 
etahedrons  of  iron  pyrites  form  upon 
compound  may  aLK>  be  prepared  in 
(ulphides  with  ferrous  chloride  at 
Ajm.  Ch.  Phys.  [3]  xxx.  129.) 
character  according  to  the  mode  of 
How  powder  (Berzelius),  or  crys- 
■ons  rWohler),  or  a  black  powder 
[  by  ailute  acids,  but  is  decomposed 
iution  of  sulphydric  acid,  and  sepa- 
th  strong  mtnc  acid  or  with  nitro 

he  denser  varieties  of  the  artificial 
even  that  which  is  prepared  in  the 
when  moist ;  but  white  iron  pyrites 
e  finely  divided  state  oxidises  even 
>f  heat,  as  in  the  roasting  of  alum- 
ite  containing  pyrites,  which  some- 
imable  substances,  and  gives  rise  to 
>ducts  of  this  spontaneous  oxidation 
sulphuric  acid  and  ferrous  sulphate, 
orescenoe  on  the  surface,  but  is  for 
rmeates  the  mass  (see  Sulphates)  ; 
le  is  evolved,  and  ferric  oxide  is 
This  reaction  renders  iron  pyritec 
v.).  When  ignited  with  charcoal, 
cent  charcoal,  and  exposed  to  the 
ospheric  air,  it  is  completely  desul- 
nil^hurons  sjihydride,  together  with 
le  iron  remains,  according  to  dr- 
ic  oxide.    (Brunfaut»  Joum.  dec 


re  metallic  iron  found  on  the  earth's 


ts. 

ridt  Ruhindenic  acid.    (Laurent, 

ed  by  the  action  of  warm  ammonia 

to  dissolve  isatin  to  saturation  in 
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0»^>«N«0«  «  (C«H«NO«)«.H".    (Laurent,  Ann.  Ch.  Phya.  [8]  in. 
12. — Qm.  ziii  98. — Qerh.  iil  551.) — A  snbstanoe  produced  by  the  aetion  of  redocing 

Iphjdric  acid,  sulphide  of  ammoniiun,  &c.  on 

-     (C«H»NO«)«.H«  -f  a 

\,  indigo-white  bean  to  indigo-blue, 
o  mix  powdered  iaatin  in  a  flask  with  a  large 
ie  add,  then  add  a  piece  of  pure  sino-foil,  and 
s,  it  takes  up  the  nascent  hyarogen,  and  is  oon- 
aay  be  washed  with  water,  and  then  boiled  with 
Isa^de  may  likewise  be  obtained  by  dissolv- 
small  quantity  of  sulphide  of  ammonium.  The 
ts  laminated  and  pnsmatic  oystals  of  isatyde, 
hur,  which  must  be  removed  by  digestion  with 

h  tint,  tasteless,  and  inodonms,  and  appears  to 
rerj  small  quantity,  in  alcohol  and  ether,  at  the 
Q  microscopic  scales^  having  the  form  of  oblique 

9n  turns  violet-brown  (beinff  perhaps  converted 
if  the  heat  be  increased  tul  the  body  is  half 
yielding  a  substance  which  dissolves  in  alcohol 
7  evaporation. 

le,  producing  a  violet  powder  wHich  ultimately 
»  it,  forming  isatate  of  potassium  and  indin- 
x>  hydrindin-potassium  and  other  products  of 

ives  the  name  of  isatyde  to  a  substance  which 
sulphide  of  ammonium.  This  substance  gave 
natelv  with  the  formula  C»«H'«N«0».  It  was 
r  soluble  in  water,  but  soluble  in  ammonia,  with 
,  Potash  dissolved  it  with  deefhred  colour,  dis- 
the  solution,  on  cooling,  deposited  a  ciystallinf 
irochloric  acid. 

«•  (Erdmann,  Ann.  Ch.  Pharm.  xxxiii.  129. 
S2.y-Dichlori8atyde,  C"H"C1«N«0*,  is  pro- 
monium  on  chlorisatin.  It  is  white,  cnrBtallis- 
'  soluble  in  hot  water;  moderately  soluble  in 
without  alteration,  in  a  hot  solution  of  sulphide 
olved  into  chlorisatin  and  chlorindin : 

CMW  +  2C«H*C1N0»  +  2HK) 

>riDdin.  ChlorlMtin. 

\oniat  and  partially  dissolved.  It  dissolves  in 
d  into  chlorisatate  of  potassium,  which 
iquor,  treated  with  kydrocMorio  acid^  yields  a 
s  partially  dissolved  by  boiling  water,  the  inso- 
the  dissolved  portion  of  chlorisatydic  acid, 
n  of  chlorindm.  This  acid  is  deposited  from 
a  lemon-yellow  substance,  which  forms,  with 
dency  to  crystallise.  The  solution  gives,  with 
Dw  precipitates  which  redissolve  in  the  liquid 

\ — ^Produced  by  the  action  of  sulphide  of 
mbles  the  preceding  compound,  and  is  decom- 
rachlorisatu  and  tetrachlorindin.  It  likewise 
d  with  potash,  yielding,  among  other  products, 
of  dichlorindin,  the  potassium-salt  of  a  peculiar 
ie  liquid  cools,  is  deposited  in  yellow,  shining 

,  resembles  tetrachlorisatyde,  and  is  prepared 
whan  heated,  and  is  resolved  into  dibromisatin 


phasaikyde.    (Laurent,  Ann.  Ch.  Phys.  [3] 
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Ui.  463).— Obtained  by  adding  alcohol 
of  disolphisatyde : 

C»«H'«NK)»S»   +  KHC 
DlsulphiMtfda. 

The  liquid  turns  red,  and  after  a  fei 
of  sulphisat  jde,  which  moBt  be  vashi 
has  a  uint  rose  tint^  due  to  the  presen 

Solphisatyde  when  pore  is  a  white, 
crystallises  from  hot  alcohol  in  micros< 
Boiling  alcohol  dissolves  only  traces,  w 
scales.    It  is  not  more  soluble  in  ether 

Sulphisatyde,  when  heated^  melts,  U 
phuretted  hydrogen  is  eroWed,  and  a  i 
rapour  of  a  substance  which  crystal] 
residue  of  charooaL  It  is  couTerted 
in  all  nrobability,  is  nitrindin ;  the  sol 
by  cola  potash  with  formation  of  varioi 
evolves  sulphuretted  hydrogen  on  the 
cipitate  consisting;  of  sulphur  and  a  1 
with  warm  potash,  hydrindin  is  formei 

DtoQlpliiMklyde.  Ci*Hi*NK)^. 
16.— Laurent,  Ann.  Chim.  Phys.  [3] 
acid  upon  isatin. 

The  decomposition  takes  place  in 
isatyde  produced,  and  this  compound 
with  formation  of  water : 

2C«H»N0«  +  F 


and 

C»«H'*NK)*  +  2H»S 
Isatyde. 

Preparation, — ^When  sulphydric  ad 
alcoholic  solution  of  isatin,  the  liquic 
deposit,  which  increases  on  cooling,  ai 
scues  (isatyde).  The  solution  is  left 
sulphur  may  ciystallise  out ;  it  is  the 
the  resulting  precipitate  is  removed,  ai 
more  water,  which  precipitates  the  dj 
stance.     (Laurent) 

Disulphisatyde,  when  dried,  is  a  y 
It  does  not  crystallise  from  its  alcoho 
spontaneous  evaporation  (Laurent), 
brick-red ;  if  the  solution  is  exposed 
water,  the  precipitate  is  brownish-red. 

Disnlphisatyde  swells  up  strongly  wl 
tion  of  sulphydric  acid ;  at  the  same  1 
are  formed,  and  there  remains  a  bulkj 
nitric  aeid^  it  puffs  up,  evolves  pemitr 
flakes  ftom  the  solution.  In  boiling  i 
puffi)  up  and  ^ves  off  nitrous  fVimes. 
after  a  few  minutes,  with  alcohol,  the 
insoluble  in  water,  but  soluble  in  pota 
portion  insoluble  in  alcohol  dissolves 
an  acid,  a  white  precipitate,  insoluble 
needles.  The  liouid  obtained  by  the  ) 
no  oxalic  acid.  Bromine  acts  violent!^ 
of  sulphur  and  hydrobromic  add,  and 
onuiffe-yellow  crystalline  mass,  and  a 
Mulphuric  atid,  with  the  aid  of  a  g<»ntl 
water ;  potash  colours  it  green,  but  do( 
with  potash,  sulphisatyde  and  ^-arioi 
formed,  which,  however,  cannot  be  p 
solution  deposits  a  ciystalline  salt.) 
acid  sulphite  of  ammonium,  at  men 
compounds,  niiiung  which  is  found 
snlphisatttuous  acid.     Tliit^  salt  i: 
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•itioii,  0»«H>«Pb"0«».4Pb''0.HK),  is  ob- 
Intion  of  the  acid  with  neutral  acetate 

iBable  mass,  easily  soluble  in  water,  and 

leible  precipitate,  formed  only  in  ooncen- 

rhich  in  the  air-diied  state  contain 
at  100°. 

fros  equal,  and  fUpas  part,  and  its  employ- 
that  Tery  different  chemical  compounds 
composition. 

posed  of  the  same  elements,  and  of  the 
hare  the  same  percentage  composition) 

lense,  being  mads  to  signify  equality  of 
tage  composition.  When  the  compounds 
(rent  molecular  weights,  the  term  poly- 
I  IgoTneric  (in  its  wide  sense),  signifying 
tage  composition ;  Polymeric,  signifying 
entage  composition,  but  different  mole- 
i),  sometimes  called  Meiamtric,  that  the 
ind  likewise  the  same  molecular  weight 
omerism  abound  in  organic  chemistry, 
suh  from  the  combination  of  Teiy  few 
nay  be  dted  by  way  of  illustrating  the 
3ners. 

•     •     ^ni^  "  ^^*^ 

i  the  same  percentage  composition.  Tic : 

64-66 

909 

86-36 

10000 
in  its  widest  sense, 
rent  molecular  weights : — 

.    C^H»0«  -  89 
.        .        .    C*HH)    -  44 

wrie. 

^eric,  or  acetic  ether  and  oxide  of  ethylene 

ylene  are  Poljpnerw, 

le  same  moleodar  weights,  Tis. : 
.    C*H»0»  -  88 
.    C*H»0«  -  88 

i  sense)  or  Melaimric,    Aldehyde  and 

e  terra  alio  tropy.  Both  of  them  have 
t  different  substances  hsTe  sometimes  the 
their  manner  of  stating  it.  Isomeric  and 
isomeric  **  being  employed  to  predicate 
^s,  whilst  '*  allotropic  "  expresses  diffe- 

s  a  certain  propriety  in  their  usage;  thus 
icetic  ether  are  isomeric"  it  should  be 
l^'N."  The  same  reason  which  enjoins 
I  it  in  the  instance  of  single  elements ; 
I  of  sulphur,**  but  never  of  isomeric  kinds, 
ism  occurring  in  inorganic  chemistry,  are 
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\)j  employing  the 
I  chemistiy.  Thii 
ie — or  else  no  di£ 
es;  and  hence  th 
ertainable,  it  is  in 
erties  alone  need 
dies,  on  the  other 
quite  decided,  an< 
is  for  their  recogn 
>f  identity  of  nltl 

[amples  of  allotrop 
on  with  difference 
-1.  The  olefinc 
remarkable  case  c 
and  appears  to  be 
ced  yield  ike  high 


(paramylene) 


I  distillation  of  wa: 
ren ;  but  there  is 
;  of  a  considerable 
oompodtion  of  the 
Ca 

*ertain  general  chc 
irith  great  readine 
!t  increasing  reguL 
f  temperature  and 

>  others  on  the  list 
and  the  Tery  com] 
ieved  to  be  solids, 
ion  of  CH*  to  the 
4°.  As  the  serie 
ir  and  smaller, 
dty  of  the  diileren 

MS. 

a  well  ascertained 
ne  which  will  satu 

>  the  olefins  taken 
of  the  different  ol< 
»  are  proportional 
f  be  prepared  fron 
sr  alcohol  by  certa 
tfaylic  alcohol. 

(PEH)     -    H» 
inyllc  aleohol. 
C»H"0    -      H«« 


BthTlene. 


BUnrlei 
C*H 


+     H« 

AmTlene. 
()%»•        +      H* 

ad  the  olefine  stao 
^sernble  one  anothc 
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ffethyl-ethep gHJJQ        ^        ^^^ 

T  up  in  the  scale:— 

Lmyl-alcohol ^"(^         *        ^^*^ 

retiyl-methyl  ether ^ot(^        "        C»H«0 

Wtyl-ethyl  ethcp ot[»{^        -        C»H»«0. 

ction  of  iodide  of  phoephorus  upon  these  difierent  oomponnds  enables  ns  to  dis- 
them  immediately. 

?he  aldehydes  are  metameric  with  ketones^  with  alcohols  of  the  allylic  series, 
I  ethers  <»f  the  glycol  series,  thns: 

•ropylic  aldehyde ^*^|  -        C*H«0 

Sommon  acetone ^^^{  "*        C^O 

dlylic alcohol ^*   |o        -        C»HH) 

>xideoftritylene (C«H«)"0  -        C»H«0. 

four  compounds  are  very  easily  distinp^shed  fix>m  one  another :  the  first  is 
ddised  to  propionic  add ;  the  second  gives  no  propionic  add  on  oxidation,  but 
\ty  adds  instead ;  the  third  gives  acrolein  and  acrylic  add;  the  fourth  lactic 

[etones  are  metameric  with  other  ketones  and  with  aldehydes  and  compounds 
ic  therewith. 

tetamerism  with  other  ketones  is  veiy  easy  to  understand.  The  rational  formula 
tones  consisting  of  an  acid-forming  radide  coi\joined  with  an  alcohol-forming 
i  follows  that  transference  of  nCH',  from  one  radide  to  the  other  will  yiel4 
bodies.    Thus,  for  instance,  we  have  isomers  in 

thyl-valeiyl        ,        .  ^gl^  |   and  Ethyl-butyryl        .        -  %^P\ 

nowledge  of  the  ketones  is  very  slight,  but  it  is  to  be  expected  that  those  two 
ids  womd  give  different  products  on  being  oxidised. 

uric  AlcohoU. — It  has  recently  been  discovered  that  there  are  at  least  two 
alcohols,  the  corresponding  terms  of  which  are  metameric,  well-marked  differ- 
ing been  recognised  between  compounds  with  the  compodtion  of  hexylic 
and  also  between  compounds  with  the  composition  of  amyhc  alcohoL     It  is  at 
iBcertain  what  the  nature  of  this  metamerism  is  (see  Hsxti>aixx)Hols,  p.  152), 
ems  to  affect  the  total  constitution  of  the  two  sets  of  compounds, 
■e  superficial  kind  of  difference  was  noticed  by  Pasteur,  some  years  ago,  be- 
irieties  of  amjlic  alcohol.     Ordinary  fusel-oil  was  found  by  Pasteur  to  be  made 
o  liquids  having  the  composition  of  amylic  alcohol,  but  slightly  different  in 
M,  the  one  being  without  action  on  polarised  light,  whilst  the  other  turned  the 
a  polarised  ray  to  the  left.      The  derivatives  of  each  of  these  varieties  of 
dconol  possess  the  same  action  on  polarised  light  ss  the  alcohols  themselves, 
"  '^     nces  in  solubility,  &c.,  but  on  the  whole  they  are  marvellously 
yt  agreed  how  these  varieties  are  to  be  regairded,  it  being  still 
e  difference  in  action  upon  polarised  light  points  to  any  but  the 
in  constitution. 

ere  is  some  reason  for  believing  that  the  &tty  adds,  when 
,te,  have  twice  the  molecular  weight  which  their  vapours  have 
and  higher.  Their  great  tendency  to  form  double  salts,  and 
9  at  low  temperature — whether  under  great  or  small  pressure— 
>int  to  this  concludon. 

formula  for  the  fatty  adds,  some  very  interesting  cases  of 
I,  propionic  add  is  metameric  with  butyr-acetic  add : — 

C«H»0  ) 
idd       .        .        .    CHK)  l0«  -  C^'H)*, 
H«J 

C*H'0  ) 
icadd  .  .    C«HH)  [o«  •  C^»K)*, 

bb2 
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Inorganic  Substances, 

lorganic  isomeriflin  are  usually  called  inatADoes 
lotropic  substances  being  neariy  equiyalent  eoi- 

s  offer  many  examples  of  isomerism.  Thus 
in  two  allotropic  states ;  in  one  condition  it  is 
r  as  ozone.  Ozone  and  oxygen  are  isomerie 
mula  for  ozone  «  0*(?)  Experiment  has 
Eone  is  higher  than  that  for  oxygen ;  but  how 

Ay  other  elements  presoit  somewhat  similar 

9US  forms  of  silicic  add,  of  sesquioxide  of  iron, 
k,  must  be  classed  among  substances  ailbrding 

of  peroxide  of  nitrogen.  The  compound  NO* 
e  compound  IPO*  is  a  liquid  boilmg  a  little 
>le  that  of  the  former  body.  Altogether,  in- 
yet  a  very  ill-explored  fieUL 
isomerism  will  haTe  become  sufficiently  clear 
d  in  describing  the  different  examples  of  it. 
i  compound  are  arranged  as  well  as  what  kind 
nay  be  very  many  totally  different  substances 
This  is  in  faet  the  whole  philosophy  of  iso- 

J.  A.  \t  . 
d  floppy  form.)  dystalline  form  affords,  as  is 
f'sical  distinctions  between  different  substances, 
apound,  crystallises  for  the  most  part  in  forms 
tr  forms.  Hauy,  who  first  directed  attention 
down  as  a  general  law,  that  every  substance  has  a 
If^  and  therefore  that  a  difference  in  the  primaty 
hen  as  eridenoe  of  difftreuoe  ef  composition, 
he  beginning  of  the  present  century,  various 
rove  the  generality  of  this  law.  The  similarity 
ipatite)  and  phosphate  of  lead  (p^morphite) 
1787,  showed  that  a  mixed  solution  of  ferrous 
mtaininff  both  copper  and  iron,  always  of  the 
ions  in  the  proportions  of  the  two  metals^  also 
-ntity  of  ferric  oxide  crystallises  exactly  in  the 
phate.  Vauquelin,  in  1797,  showed  that  the 
t  contains  a  considerable  ^uantit^  of  ammonia 
pointed  out  the  great  similarity  in  the  form  of 
—  a  resemblance  confirmed  by  the  more  exact 
av-Lussac,  in  1816,  showed  that  a  crystal  of 
of  ammonia-alum  increases  in  bulk  without 
solated  observations  of  similar  import  may  bo 
tablishment,  byMitscherlich,  of  the  general 
lat  bodies  hating  a  similar  ehemieai  ecnstitution 
iermined  by  the  tncasurement  of  their  angUs,  or, 
and  groups  of  cU^ments  may  replace  one  anothir 
Hon  of  crystalline  form.  Mitscherlich*i  first 
cademy  of  Sciences  in  1819,  related  to  the  iso- 
tes,  and  showed  that  the  corresponding  salts  of 
equal  numbers  of  atoms  of  water,  crystallise  in 
were  subseouently  made  upon  the  sulphutru, 
the  protosfuts  of  magnesium,  ainc^  cadmium, 
pper,  and  the  sesquisuts  of  iroi\  aluminium, 
iding  salts  being  supposed  in  all  cases  to  contain 

J  similar  constitution  are  not  neceesarily  iso< 
0  two  or  more  groups,  of  which  the  respect  iv« 
[ler  hand,  the  possession  of  an  equal  numbei 
11,  for  two  atoms  of  one  element  are  not  unfre 
f  another  clement ;  and  sometitnes  a  moleculn; 
^ns  with  an  elementary  atom^NH*  with  K,  fo 
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I  tbiB  table  are  dimorphous  or  taimoiphouB. 
dies  in  the  dimetric,  trimetric,  monodinic,  and 
b  particular  pyramid  with  its  prisms  and  domes, 
^stem,  a  particular  rhombohedron. 
he  crjst^line  forms  of  two  chemically  difTerent 
nonometric  system.  Bodies  of  the  same  groim 
lerally  exhibit  small  differences  in  the  correspond^ 
terminal  edges  of  the  rhombohedrons  of  calcspar, 
18  carbonates  of  gronp  II,  exhibit  the  following 


^ 


QiCO* 


OO* 


iCO« 
FeCO» 
MgCO" 
ZnCO* 


R:Ria 
termioal  edges 
.     106P    6' 

.     106»16 

.     106O61' 

.   lor'  0' 

.     107°  26* 
.     107®  40'. 


isomorphons  therewith  (gronp  17,  a),  the  an^lei 
ipal  section,  and  Pco :  Foo  in  the  basal  principal 


CaCO* 
BaCO* 
8rC0« 
PbC50« 


aDP:«.P 
63^44' 
61°  80' 
620  44' 
62®  46' 


71*»  83' 
780  6' 
710  48' 
71°  47'. 


ng  angles  of  crystals  is  not  always  found,  even  in 
9r  forms  of  that  system,  namely,  the  cube,  ocfsi- 
do  not,  of  course,  admit  of  any  variation  in  the 
hich  are  expressed  by  formulsB  containing  finite 

mOao ,  and  mOn,  have  different  angles,  according 
efficients ;  and,  consequently,  ci^stals  of  two  dif- 
)  of  these  forms  may  exhibit  slight  differences  in 
rystals  belonging  to  other  mtems.  With  regsird 
iometric  system,  it  may  be  ooserved  that  all  Indies 
irded  as  isomorphous  in  a  certain  sense,  inasmuch 
le  from  the  other ;  neverthrless,  some  bodies  ai  8 
>rm  than  in  the  other,  and  a  further  distinction  is 
c-blende,  ZnS,  cleaves  parallel  to  the  fi&ces  of  a 

parallel  to  the  faces  of  a  cube.  Such  bodies,  in 
itomic  constitution,  cannot  be  regarded  as  strictly 
;ree  as  NaCl  and  KCI,  which  agree  in  the  direc- 
eir  form. 

0  compounds,  the  isomorphism  of  certain  of  their 
If  a  compound,  a  +  b  -t  c,i8  isomorphous  with 
may  be  concluded  that  c  is  isomorphous  with  d. 
PtCl'  and  K'lrCl'  leads  to  the  conclusion  that 
IS.  In  this  manner,  the  isomorphism  of  the  fol- 
'erred: 

ids.  Carbon  (diamond),  phosphorus,  potassium, 
copper,  silver,  gold,  platinum,  palladium,  iridium, 
anese,  calcium,  lithium,  ammonium,  nickel,  cobalt 

itimony,  tellurinm,  osmium,  iridium,  palladium, 

ine,  iodine,  bromine,  floorine,  cyanogen,  arsenic  (?) 

r  certain  groups  of  elements  may  be  inferred  from 
be  supposed  to  exist;  thus,  from  the  isomorphism 
^senates,  regarded  as  compounds  of  metallic  oxides, 
'0 J»0»  +  24H«0  and  2Na«0.H«0.As*0*  +  24H«0, 
rsenic  anhydrides  may  be  inferred, 
nents  and  groups  of  elements  is,  however,  most 
>f  replacing  one  another  in  composition  in  various 
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that  isosterism  is  accompanied  quite  as 
as  by  isomorphiBm ;  but  that  elementa 
1 :  2  (like  silver  and  gold)  aie  often 
r  finds  that  i8oet<>rism  is  associated  with 
oiphiam. 

Dd  the  poportions  of  the  axes  Twhieh 
rphons  C)oaie8,  are  also,  according  to 
ban  was  formerly  sapposed.  It  is  true 
reoard  to  the  proportions  between  the 
ard  to  the  atomic  Tolnmes;  but  the 
regular  relation  between  axial  propor- 
notioed  in  the  calcs^  and  arragonite 
Qtraiy  (Wien.  Akad.  Ber.  xlv.  [2],  603 ; 
M  of  analogous  composition  form  the 
as  with  resf^  to  their  atomic  Tolumes. 

ppliedby  Scheererto  express  the  fiu;t 
M  replaced  by  two  or  more  atoms  of 
by  n  atoms  m  another,  or  by  a  group 
aeration  of  ciystalline  form,  instances 
he  sulphides  of  lead  and  silver  (PpbS 
liver  (AflfS  and  Ag*Cl*),  by  numerous 
the  single  atom  CI  and  the  group  CN 
loiphous  salts  of  potassium  and  ammo- 
merous  other  examples  m^  be  found 
kud  butyrate  of  copper,  C^*0*Cu,  and 
>f  many  oiganio  bases,  e.g.  ethylamine, 
minium,  forming  alums  isomorphous 

>f  this  land  of  isomorphism,  to  which 
Scheerer.     Thus,  certain  varieties  of 

others,  which  are  free  from  alumina, 
bion  taJdng  place,  according  to  Scheerer, 

iAl'O^  to  2^10'),  but,  according  to 
p.  169^.  Another  instance  is  afforded 
ipasioUte^  which  are  isomorphous  and 
ig  to  Scheerer,  1  at.  magnesia  in  the 
According  to  the  fonnulft  given  by 
768,  834X  ^^> 
IfiSiO*. 
L6SiO*.8H*0» 

>  plaee  of  1  at  magnesia  in  the  former, 
ne  isomorphism  as  applied  to  minerals, 
isomorphinn  in  genexat  seeMitseher- 
iv.  264 and  855). — Breithaupt  J.  pr. 
Ix.  119).--Brooke  (PhiL  Mag.  [3],xii. 
i  405)u — Sehaffgotseh  (Pogg.  Ann. 
\kel(tbitL  It.  479).— Frankenheim 
I  {ibid.  xxzL  169\— NickUs  (Compt 
r). — G.  Bose  (Pogg.  Ann.  IzxvL  75; 

10  Acm. 
707). 

drocarbon,  polpierie  with  eaoatehiii 
other  leas  volatile  products,  by  the  dry 
iter  repeated  rectification  over  sodium, 
mvity  of  0*6823  at  20^,  and  vucni^ 
for  a  month,  it  became  thickened,  and 
4  the  absorpti<m  oi  osone :  on  snbse- 
'  on  the  hyazocarbon,  and  the  residue 
asi  having  the  oompodtioii  C**H**0. 

d.  C»H»N»0«.  (Hlasiweta,  Ann.  Ch. 
yer.  Bull.  Acad.  roy.  Belgique,  [2]  vii. 
Hit,  like  the  latter,  not  known  in  the  free 
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Lits  siv  ypTj  Ritidi  liKo  ib6  ooffMpunchn^ 
I  Grail ich's  detenninatioBe,  exaotlj  re- 
,   in  its   crystalline  form  and  optical 

\  because  its  appearance  when  ftised  is 
of  calcium,  alnmininm,  and  iron,  fonnd 
nartaose  granite,  with  tourmalin  and  tin 
ugh.  It  bean  considerable  resemblance 
dearage,  a  greyish-black  to  velTet-black 
li^lS;  hardness  6  to  6*6,  nearly  equal  to 
to  a  black  magnetic  slobule.  Contains, 
J.  iii  268},  47*69  sifica,  13*91  per  cent. 
1*94  cupnc  oxide  (loss  1*56  per  cent), 
.SSiO*,  which  is  essentially  the  same  as 
he  mineral  appears  to  be  in  the  state  of 
B  undetermined,  the  formula  cannot  be 

KXmUIZO  AOZBS.    See  Tabtauo 

ribromide  of  allyl  (i.  HI), 

DO. 

IT  quazts-Tock,  in  which  diamonds  are 
ation  to  talc  or  mica.  It  occurs  in  the 
kigia  and  North  Oaxt>lina,  where  a  few 

I  obtained,  together  with  dtraconic  acid 
t  bears  a  dose  resemblance  to  dtraconic 
its  reactions  with  nitric  add  and  with 
I  in  a  retort  by  a  spirit-lamp,  care  being 
nd  not  on  the  sides,  as  in  the  latter  case 
nd.  The  distillation  is  continued  until 
tillate  is  then  dissolved  in  six  parts  of 
on :  the  crystals  which  are  first  formed 
h  is  always  formed  at  the  same  time, 
lently  the  distillate  solidifies  on  cooling, 
bulous  paper  on  a  plate  at  100^,  and  then 
1,  and  lasUj  recrystallised  from  water, 
ngly  add  taste :  when  crystallised  from 
u  It  dissolves  in  17  pts.  of  waier  at  20®, 
tnra.  It  is  sdnble  in  o^Ao^  and  in  etMer, 
I  czystallises  on  cooling;  when  farther 
de  and  water.  .  Unlike  dtraconic  add, 
I  with  nitric  add.  When  treated  with 
without  evolution  of  hydrobromic  add, 
'  dibromo-pyiotartaric  add,  C»H«BrK)*, 
111;  Cahours,  Ann.  Ch.  Phys.  [8], 
acid  by  Kekul^  dihromiiaeonte 
)nnrATivx8  of).  C^traconic  add  yields 
conic  add  treated  with  aodium-awuiham 
5acid,C»H»0*(Kekul^). 
minff  add  salts,  G*H*MO^  and  neatxal 
le  aULali-metals  do  not  eryrtallise.  The 
id  ciTStallises  in  lustrous  lamins.  It  is 
adduff  a  quanti^  of  add  equal  to  that 
on.  'Die  sikaline  salts  are  soluble^  and 
f  lead,  mereuiy,  and  silver. 
f  itaconic  add  are  not  known,  excepting 
brmed  by  heating  itaconate  at  ammonium 
itained  which  forms  a  very  sohibls  salt 
ling  phenylamine-compounds  have  bAsn 
.  Ixxvii.  215),  to  whose  researches  the 

m  neutral  dtraoonate  of  i^eBylamine  by 
-    C»»H»«NH)«. 
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rta-wator  to  the  boiling  point,  nntil  the 
i  precipitate  in  the  solution  ;  the  baxyta 
\  of  this  acid  by  hydrate  of  lead ;  and  the 
te  boiled  to  remore  the  snlphydric  add, 
case  it  has  become  colooreo,  may  be  de- 

or  by  boiling  it  with  a  little  hydrate  of 
1  through  the  liquid, 
shining,  yellowish,  brittle  mass,  which 
melts  to  a  turbid,  Tery  hy^;rosoopic  syrup, 
ite  (Mayer),  or  a  sourish  irritating  taste, 
a  strong  a^d  reaction;  dissolTee  Tery 
inly  in  ether.    It  contains,  according  to 

carbon  and  8*3  hydrogen ;  according  to 
:  hence  Mayer  deduces  the  formula 
h?ogen ;  the  formula  abore  given,  which 
laps  more  probable. 

en  heated  on  platinum  foil,  it  bums  with 
i^ueous  solution  is  stirred  for  a  long  time 
0  jalapinol  and  glucose  (Mayer) : 
«H«0'     +     6C>H'K>«. 
rms  jalapinolic  acid,  instead  of  jalapinol 
position  appears  to  be  caused  by  emulsin 
by  boiling  jalapic  acid  with  dilute  adds 
pomeic  and  oxalic  adds.    When  melted 
and  forms  jalapiuolic  and  oxalic  acids, 
les,  forming  salts  in  which  1,  2,  and  3  at. 

of  atoms  of  metal:  mixtures  of  these 

It  displaces  carbonic  add  from  the  car- 
Wen  wnen  neutnilif-ed  with  an  alkali,  it 
:ept  basic  acetate  of  lead.    Thejalapates 

'''Ba'Q'',  is  obtained  by  mixing  aqueous 
«r,  removing  the  excess  of  baryta  with 
the  filtrate.  It  resembles  the  tribarytic 
ysis.  49-7  per  cent  C,  7*6  H,  and  8*6  Ba, 
id  8*3  Ba. 

■ed  by  boiling  jalapin  for  4  to  6  hours, 
er  (or  mixing  it  with  an  equal  weight  of 
an  air-bath,  and  then  heated  with  water), 
in^  solution,  which  is  then  filtered  and 
)°  in  a  current  of  air.  It  is  an  amorphous, 
itly  irritating,  bitter-sweet  taste.  It  melts 
when  stronsly  heated.  It  is  soluble  in 
carbonic  add  (Mayer,  Spirgat is).  It 
.  C,  6-0  H,  and  21*6  Ba,  the  preceding 
Ba.     [Mayer^s  formula,   C»B^Ba*0^, 

ps  the  dibaryiic  salt,  appears  also  to  l>e 

jrdrate  of  lead  dissolves  in  boiling  aqueous 
soluble  salt.  When  the  aqueous  acid  is 
of  lead,  a  gummy,  tumefied,  basic  salt  is 
sparingly  soluble  in  alcohol  The  aqueous 
of  lea^  but  copious  white  flakes  with  the 
iaeal  acetate  of  lead,  or  the  basic  acetate, 
ent  precipitate,  which  may  be  purified  by 
with  ammonia,  and  washinff.  After  being 
ght  at  130*'  (Keller).  It  contains,  ao» 
lead ;  the  formula  C«H"«PUH)**  requires 
lined  excess  of  base. 

Mayer,  Ann.  Ch.  Pharm.  xcr.  16&.V- 
Mr  not  too  long  a  time  with  hydrochloric 
Uapic  add  is  completely  converted  into 
tto  alphcy'alapic  acid,  which,  on  coeling, 
rown,  semi -crystalline  mass.  By  boiling 
ilapinolate  of  barium  which  separates  on 
white  silky  needles  of  alphi^alapic  add 


Digitized  by 


Google 


Digitized  by 


Google 


JALAPIN.  4311 

'er).  Kayi9r«dia«ilii  the  root  with 
Doas  retidae  with  hotwttter,  dinoltM 
■1  charooal ;  distila  off  the  iloohol; 
over  a  water-bath.  Jo h niton  ex- 
olTing  the  commeroial  reBin  in  eth«v 
he  ground  root  of  commerce  with  hot 
icting  the  residue  with  ether ;  or  by 
evaporating,  boiling  the  residue  in 
id  evaporating  the  solution, 
mony  ia  ezhauBted  with  cold  alcohol 
ited  with  watpr  till  it  becomes  tnrbid, 
B  greater  part  of  the  alcohol  is  dis- 
eated  in  a  water-bath,  till  the  whole 
is  treated  for  a  lone  time  in  a  water- 
last  dried  np.  The  MSidue  may  be 
(Spirgatis.^ 
contains  a  small  quantity  of  a  volatilo 
cannot  be  completely  removed  even 
mell  which  the  jalapin  emits  when  it 
suiting  solution  supersaturated  with 
Lk  of  which  passes  off  in  the  water 
t  of  the  deoomposition  of  seammony ; 
oontaminatkm. 

>us  resin,  transliioent  when  in  thin 
■ubbed  down  to  a  white  powder.  It 
,  colourless,  or  pale-yellow  syrup.  It 
,  gives  a  scarcely  perceptible  acid  re 
f  soluble  in  watery  but  dissolves  veir 
od-^mritt  ttker,  and  eklorqform.    It 

a  TaenuB  at  common  temperatures, 


Mayer.  Keller.  SfrirgBtit. 

66-52  56-65  56*47 

818  8*39  7-93 

86-80  84-96  3o'60 


10000        10000        10000 

ip-stalks,  56*76  to  66*65  per  eent^  in 
Keller  gives  the  formvla  C^£P'0~. 
^  gives  off  carbon  and  hydrogen  in 
less  oiygen  than  the  residual  resin 
mes  brown  when  farther  heated,  and 
tis\ — 2.  When  heated  on  platinum- 
and  empyrevmatie  odour,  and  leaves 
\lpkuric  meid,  the  solution,  in  five  or 
on-red  oobac,  then  becoming  brown, 
,  a  brown  resin  or  a  brown  tallowy 
oains  dissolved  (Kayser,  Mayer, , 
acids,  jalapin  f  even  that  which  has 
nto  jalapic  ado)  is  decomposed  into 
ym  seammony  is  treated  in  Uw  same 
apinol  (Spirgalis).    Formatioa  of 

+  6C«H'K)«    (Mayer). 

+  3C^'K)«. 

d,  no  other  bodies  are  nodnced  than 
ceording  to  Keller,  when  a  solution 
with  strong  sulphuric  add  or  with 
le  decomposition-products  result,  and 
ddehyde)  appears  prolMrble  from  the 
B— a.  A  neutral  body,  C^H^O^,  also 
>lie  add),  and  aor  aleofaol,  CiPO*.— 
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tly»  RiTuig  off 
^  as  hydrogen 
kter  after  OOK>1- 
jalapinolate  of 
scom^oaed  by 
)d  with  pure 
the  somewhat 
the  aolid  add 
liquor  filtered 
lantitT  of  im- 
ic  acid  (from 
olphuric  acid ; 
inrio  add  by 
imal  charcoal 
»-water;  the 
I  not  rendered 
sr  filtration,  is 
iquid  becomea 
!k  pulp,  which 
ystalliBed  fou 

nder  a  magni- 
P  (60O  to  61<», 
(Spirgatis), 
lots  on  xMiper ; 
rtion  (Mayer, 
r. 

loe,  emitting  a 
I  it  to  ipomseie 

B  neutral  salts 

g  jalapinol  or 
rhich  gives  oft 
^ntrated  to  a 
il  jelly  soluble 
longly  magni- 

alapinolate  of 
>lic  jalapinolio 
hite,  lustreleea 
luble  in  cold, 
ol.    (Mayer, 


18  solution  of 
Ate  is  washed 
tt&ined,  which 
a  translucent 
ains  at  100^ 
sale.  18*24  per 

sodium  forms 
up  to  a  light 
(Spirgatis.) 
roent. 

»lic  jalainnolie 
hing  the  white 
ir  to  an  opaque 

oiling  aqueous 

ftfter  washing, 

wdles,  melting 

solution  with 

:id  neutralised 
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JALPAITE  —  JASPER. 

\&ted  by  a  warm  solution  of  nitnte  of  sih 
>le  cryatalline  character.  (Keller.) 
tm,  C'*H*KaO',  crystalllBes  in  slender  d 
a  tnrbid  solntion  with  a  small  quantity  oi 
rger  quantity,  and  are  likewise  soluble  in  alec 
C»H»K)«  -  C»*H=»(C«H»)0\  Scammof. 
passed  into  a  solution  of  jalapinolie  acid  i 
;  18  mixed  with  water,  a  yellow  oil  separai 
on,  with  cold  alcohol,  dissoWed  in  boilmg  a 
I  after  it  has  separated  out  on  cooling,  repc 
3n  by  water.  It  may  also  be  obtained  ftm 
add  gas  into  the  alcoholic  solution.  (Spix 
ipriferoos  silyer-glance  from  Jalpa  in  "M 
r,  is  malleable  like  ordinaiy  silTer-glance, 
390.  According  to  an  analysis  by  B.  B 
71'51  silver,  18*12  copper,  and  0*79  iron,  a^ 

^reithaupt,  Jahresber.  1868,  p.  682.) 

I  alkaloid  said  to  be  contained  in  the  bark  of 
ig  in  Jamaica  and  in  Surinam.  (Hutteni 
.— Winckier,  Pharm.  Oentr.  1840,  p.  12C 

A.  sulphantimonite  of  lead  oocnrnng  in 
md  78°  40'  Observed  planes  odP,  oftPoo 
QDp  and  oof  00  less  distinct  Sometimes  capi 
;  particles  delicate,  straight  and  parallel  or 
dfic  gravity  i-  6*5  to  5*8  (Hai dinger). 
;rey.  Opaque.  Sectile. 
)en  tube,  it  eives  off  dense  white  fbmes  of  i 
ilowpipe  it  decrepitates,  fuses  readily,  and 

>mwall,  mean  of  three  analyses  by  H.  Bos 
ira,by  Sehaffgotsch  (i&»i.xzxviiL403).- 
[2]  ziv.  60).—^  from  Arany,  Idka,  by  L 


Bt 
105 


0-22 

the  conclusion  that  Jamesonite  is  an  isomc 
2PbS.Sb*S',  with  the  corresponding  oompoui 
I  mixture  of  one  molecule  of  the  iron-salt  a 

3.Sb»S».8(2PbS.Sb«S»)  or  (FePb"lft*)«SW  wc 
•02  Pb,  and  879  Fe. 

npallyin  Cornwall,  associated  with  quartz  a 
Uy  also  in  Siberia,  Hungary,  Spain,  and  Bm 

C'*H"0*. — ^An  acid  produced  by  exposing 
ic  potash.  The  liquid  slowly  blackens,  and 
[upitate  of  japonic  acid  is  produced.  The 
alcohol.  It  forms  with  potash,  a  black  sa 
aetallic  solutions.  (S  van  berg,  Ann.  Ch.  ] 
variety  of  galena,  crystallised  in  octahedroni 

h  ZtsooN. 

ive  ferroeo-potassic  sulphate  from  Baraneo  « 

fystallises  in  yellowish  rhombohedrons  wi: 

)ecies  of  quartz  of  which  the  following  vai 

[lich  is  red  or  brown.  The  first  is  flesh-red 
d  delineations ;  in  roundish  pieces,  dull,  wii 
on  the  edgcB.  Hard ;  easily  frangible.  Spc 
red  day-irunstone  at  Baden,  and  is  cut  into 


Pb 

Fe 

Cu 

Zn 

39-94 

2-64 

018 

trace 

39-97 

363 

,     , 

0-42 

43-38 

0-94 

1-25 

1-74 

40-82 

2-99 

1-78 

0-36 
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Btrie  ftripol^ 
oidal  maasei^ 
16  edges.  As 
ments. 

MS,  in  flsmed 
laL  Opaque. 
iTity  2*6.  It 
rg  in  Saxonj. 

Umr,  or  with 
toning.  Frao- 
I  gravity,  2*5, 
lav  and  earth 
lelain,  by  the 
ooastof  Fife- 
lera  immenae 


lining  to  dull. 
;ible.  Specific 
oocun  prind- 
a,  and  in  tnp 

olL  Fractnre 
Mills  in  many 

U. 
n  to  hare  in- 
of  the  ja^er 

1  contain  in- 

>n  and  Ubal- 
Bugar,  Btarch, 
cent,  ash,  and 
id  2*9  per  cent 
ch,  as  well  as 
rate  of  potaa- 

has  a  specific 

ch  when  freed 
tites  Brazilian 

if  angite,  cou- 
3*6.    Formula 

ie  prisms  with 
dodecahedron, 
ghtlyffieenish 
to  Wright 
LOO-ll).  which 
ila  of  garnet. 

resuvian  from 
00Al«O«,4*60 
iwn,  but  some- 


li.  569),  in  the 
rith  veratrine. 
I  hydrochloric 
B  (ussolved  in 
by  distillation, 
■om  which  the 
ibmitting  it  to 
];ain.    In  this 
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A  ftiTther  quantity  ma; 
1688  the  expraned  liquid, 
«8idae  with  dilute  stdphi 
•hate  of  jenrine. 
giTe8  off  6*9  per  cent  wi 
emperature  to  a  oolourle 

insoluble  in  water,  soli 

Ch.  Pharm.  zxzr.  116) 
)gen,  and  5*38  nitrogen,  ^ 
haidt  substituted  C"*i^ 
N,  and  lO'l  O). 
i  with  potash. 

The  sulphatef  nitrate,  i 
dineral  acids.  The  ehUm 
4*66 — 14*88  per  cent,  p 
\  percent. 

resembling  cannel  ooal,  h 
It  occurs,  together  witi 
bituminous  shale.  It  is 
Jkye  and  Faroe,  in  Hessi 
naking  Tsrious  omamenU 
i'liny,  a  name  deriyed  froi 
lund. 

BFRBIXOFFITB. 

iphate.    See  UaAxnm. 

ined  in  the  juice  ezpressef 
sh  juice  is  nearly  limpic 
h  the  air,  and  then  loses 
its  brown  tasteless  flock 
osing  its  bitterness.  Th 
ced  with  potash,  precipit 
With  nitrate  of  silrer  i 
tallic  silrer. 

msists  of  impure  juglan< 
leases,  also  for  dyeing  th< 

per  (Junipertu  communU 
lous  decoction,  also  in  n 
«r  cent  essential  oil  of  ji 
md  malate  of  calcium,  7  * 

bj  distilling  the  berrie 
turpentine  (C"H");  boij 
98  strongly  than  oil  of  tn 
igth.  It  does  not  form  i 
lete  absorption  of  the  gi 

"stals  which  appear  tobe  i 
>rmic  add. 

ith  salt-water,  Blanchet  < 
,Te  the  same  composition  f 


E 

pyroederite  containing  a 

ontained  in  the  root  of 
rith  a  brown,  riscid,  aron 
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ervonX  times  in  alcohol,  the  farown  sab- 

t  to  eTaponte. 

ous  lamine,  withoat  taste  or  smelL     It 

es  in  26  pts.  of  ether  at  16^,  is  less 

iter.    It  dissoWes  in  warm  acetic  acid, 

pitate  soluble  in  excess  of  that  reagent 

Ben  colour.    Caustic  potash  dissolves  it 

ith  effervescence. 

irith  the  old  atomic  weight  of  carbon) 

es,  Ann.  Ch.  Pharm.  zzzii.  312.) 
I  G1.VC10  Aom  (ii  848.) 

hepard  (8iU.  Am.  X  [2],  xli.  210)  to 
am,  Connecticut,  rf^garded  by  him  as  a 
18  garnets. 

the  fruit  of  BotUeria  tinetoriOf  and  used 

eMANOAXSflB.) 

n  day  (i  1024). 

lining  more  than  15  per  cent,  of  ferrous 
i  is  107^  7  (Breithaupt). 
ismuth  occurring,  together  with  telluric 
t  forms  crude  lumps,  having  a  metallic 
evailing  cleavage  in  one  direction,  strong 
ad-^j  colour.  Hardness  «  2 ;  specific 
mineral  with  hydrochloric  acid,  a  small 
I  and  pure  karelinite  remains  undissolved. 
)hurous  anhydride,  but  no  free  sulphur, 
metallic  bismuth  oose  out ;  heated  in  an 
Iride,  and  leaves  a  metallic  regulus  sur- 
[trie  acid  easily  deconiposes  the  mineral, 
res  by  analysis  91*26  per  cent,  bismuth, 
ith  the  formula  Bi*SO»  or  Bi«S.Bi«0«. 

)6). 

ifon  (I  807). 
(i.  295). 

th^Ueum  (Forster).  When  dried  be- 
>unting  to  85  per  cent :  after  exhaustion 
sent  (rf  residue  containing  26  pts.  woody 
with  alcohol  of  80  per  cent  an  extract 
the  solution  of  which  in  warm  alcohol 
remains  dissolved. 

ticin,  forms,  when  purified  by  repeated 
[tute  of  taBt«  and  smell.  It  is  insoluble 
ether;  reacts  neutral;  melts  at  180^,  and 
y  nitric  acid  with  orange-yellow  colour, 
yields  by  analysis  62*03  per  cent  carbon, 

h  mvristicin,  in  the  alcoholic  extract  of 
which  has  a  strong  aromatic  taste  and 
tr  heat  uid  produces  a  deep  red  colour 

contain  15  pts.  water,  26  woody  fibre, 
resin,  3  extractive  and  gummy  matter, 
I,  alumina,  and  ferric  oxide.  (Gobley. 
1  rend.  L  498.) 

id  substance,  from  kawa-root ;  it  contain 
Cuzert,  Compt  rend.  I  436;  lii.  206.) 
D  above.) 

tar.    (See  BrruxiN.) 
fm. 

.-WUD.) 

hate  of  aluminom  from  near  Eoniggbsvg 
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it  the  salt  contained  ftom  0*6  to  1*2  pv  cent  of  aa  ineolnble  bonte  (tee 
n) ;  alio  prerionaly  \ij  BammeUberg  (Mineralekmm*^  p.  264). 

(^eocKonite  from  KflbridLen,  CQaie  Goontj,  IrdascL    (See 

te. 

36  of  apodnmeno^  found  at  Kil- 
da  by  dearap  a  priam  of  186^, 
uid  priamatio  deayagee  of  spo- 
bedfic  graTity  *  2'M,  Lostoe, 
eUowiah.  It  naa  been  ana^aed 
[ia»  iL  170;  Bammelaberg'a 

0  H*0 

-  10-00  -  100*43  Lehnnt. 

-  10*00  -  99-80  Blythe. 
46  8*67  ->  99*92  MaUet 
to 

96  7-68  -  98*64  Oalbraith. 
ISO 

SO  808  -     98-42        „ 

ewiae  pinite»  gieeeddte»  gigan- 
It  Bunilar  eonatitation,  are  not 
«rmediate  between  an  oziginal 
«netratea  their  maaa. 

iga,  bearing  eonaiderable  reaeof 
[>r  graina,  haTing  a  mote  or  lesa 
n  predpitatee  with  feme  aalta. 
called  Oummi  gambienae^  or 
Aaiatic  kino,  from  PUroearjpiu9 
inifnra  (white);  and  American 

76  pta.  tannin  and  peculiar  ez- 

bo.    (Handw.  d.  Chem.  it.  852.) 

>btained,  together  with  aereral 
For  the  mode  of  preparation,  aee 

1  maaa,  conyertea  by  tritoration 
ina  74*1  per  cent  oxide  of  silTer 
(Kawalier,  Wien.  Akad.  Ber. 

the  mixtore  of  red  garnet,  miea» 
eina  in  primitiTe  gneiaa  rocka, 
nerbadi  in  the  Bergelzaaae,  and 
fiomation.  (Jahrb.  Min^  1860, 

ndof  Twchelftkan,  in  the  Caspian 

1,  caldnm,  andiron,  occoninf;  in 
let  of  Ireland,  in  opaqne,  obve- 
I  and  hardneea  »  2.  According 
'  cent,  silica)  23*91  ferrous  oxide, 
whence  Bammelsberg  dedncea 
it  is  possible,  however,  that  pait 

e  blow-pipe,  and  forma  a  brown 


Bloaely  reUted  in  eompoaition  to 
e.  According  to  Dob  ere  in  er's 
r  cent,  silica,  82-0  frrroos  oxide^ 
»  formula  (Mn";  Fe'O'SiO*,  or 
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KriflaTig  in  Iceland. 

[iL  109.) 

1. 

rmxcB  (ii.  188). 

'KDni  (ii  189). 

ilumininm,  Al'O'JSiO',  oocnrring  in  tridinie 
Crystals  usnall J  bladed.  Angles  oP :  od^oo 
;P  -  980  68' ;  oP  :  oqF,«  960  42' ;  ooPoo : 
oD^oo  :  »T  -  146<>  41';  oofoo  :  ooF,- 
rage  perfect  parallel  to  the  smoother  lateral 
ins,  of  two  kinds,  with  fSaoe  of  composition 
ngle ;  in  one  kind  the  planes  oP  are  coin- 
ing angle.  Also  ooarse-bladed,  oolomnar ; 
eafic  gravity  -  8*659 ;  of  white  l^anite 
1  the  Tyrol,  8*661  (Erdmann).  Lustre 
blue,  often  deeper  along  the  middle  of  the 
bite  margins ;  also  grey,  green,  and  black, 
times  transparent.  The  crystals  may  often 
ce,  while  tney  are  reiy  hard  at  the  ez- 

f  heated  before  the  blowpipe ;  melts  to  a 
knd  gives  a  deep  bine  colonrwith  oobah- 


t.  silica,  and  62*6  alumina. 

The  following 

ti  ftom  this  composition : 

Bithand 
Bniih. 

Marignae. 

Brdmaim. 

Smith  and 
Bnuh. 

ew  York. 

St.  Got- 
bard. 

RSrait. 

New  York. 

3708 

36*60 

34*40 

37*20 

61*90 

)  62-66 
;    0-84 

61-86 
0*52 

6902 
2*08 

, 

, 

0-19 

0*85 

,     , 

, 

1*08 

9975 

10010 

96-97 

99-33 

mica-slate.  Transparent  crystals  are  found 
and  Pfitsch,  in  the  Tyrol :  also  in  Styria, 

ance;  and  at  Villa  Rica,  in  South  America. 

CTnited  States :  the  specimens  analysed  by 

r,  New  York. 

,  and  xenolite  (a.  v.\  have  neurly  the  same 
near  St.  Petersburg,  containing  40*6  per 

B3  water,  and  Thomson's  hydrobucholzite 

1*86  8iO>,  49-68  A1H>*,  4*85  waterand812 

udte  has  also  been  obaerved  altered  to  tide 


B.    (C«»H'*^'*N«.— A  compound  polymeric 
N,  obtained  by  heating  pulverised  cyanate 

[}«'H'*N«  +  3KC1  +  3C0«. 
a  crystalline  fracture ;  melts  at  224^,  and 
»  360° ;  is  soluble  in  water,  slightly  eolnble 
iaustic  potash,  it  decomposes,  with  copious 
olves  it,  forming  an  acid  whose  barium-salt 
cid  does  not  dissolve  it,  even  at  the  boiling 
also  without  action  upon  it;  but  fiuning 
temperature,  but  without  evolution  of  gas ; 
ig  it  with  water,  nearly  the  whole  of  the 
a  nitro-compound,  C"M"(NO«)»N",  which 
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9Bi  a.  From  Campsie  in  Scotland;  where  it  oocan  in  porphjritie  gr^enftone 
t^  Bd:  N.  PhiL  J.  1882,  p.  86).  b.  From  Etna,  where  it  ocean  as  a  conatitnent 
▼.  Walterahanaen,  FWcmttiiU  Qewteine,  1853,  p.  24).  e.  From  FaroS, 
lammer,  J.  pr.  Chem.  zzx.  885).  d.  From  Labrador  (v.  Walterthansen 
IL  Fiom  Ejgennnd,  in  Norway;  Tiolet-grej  with  brilliant  play  of  colonn 
n,  Pogg.  Ann.  bdiL  128).  /.  From  the  hypersthene-rock  of  Nenrode,  in 
Iniah-grey  (t.  Bat4i;  Po|K>  Amu  zcfr.  538).  ff.  From  the  gabbro  of  the  same 
Uniah-white  (t.  Bath,  ISd,).    k  From  the  melaphyre  between  Botzen  and 

lease,  J.  pr.  Chem.  zliii  447;  xlv. 
(Devi lie,  BammeUber^a  Mineral' 
md(Nordenskiold,Sichw.  J.  1 
son,  PfaiL  Mag.  1848,  p.  417.) 


N««0. 

KH). 

H«0. 

5*05 

0-49 

^     , 

-  9919 

4*00 

0-64 

0-95 

-100-48 

4-51 

•    • 

,    , 

-101-55 

1-25 

7-58 

0-62 

-101-26 

1-70 

-  98-98 

4-52 

0-64 

0-62 

-101-18 

4-81 

1-55 

2-20 

-  99-24 

r-88 

0-95 

« 100-00 

8-68 

0-88 

, 

-  99-92 

.    , 

•    • 

1-07 

-  99-88 

0*6     -100-2 
to  be  three  times  as  great  as  that  of 
|^''|0JU«0».8Si0«,  gives  681  per 

other  felspars ;  perhaps  because  it 
ition  is  shown,  either  by  the  dimi- 
Bntly  increased  proportion  of  silica. 
I  preoedinff  table  are  perhaps  e^  /,  ^, 
i  decided  indications  of  decomposi- 
r  felspan  allied  to  it»  see  SammeU- 

DseofEtnaandVeeimas;  of  many 
of  dolezite ;  of  certain  homblende- 
greenstonet»  as  at  Campde  in  Scot- 
coast  of  Labrador,  whence  it  was 
e,  hypertthene^  and  magnetic  iron 

lined,  together  with  cytisme  (ii.  311) 
bark,  and  other  paita  of  Cytisus 
EliLieO.) 

T  the  different  appellattons  of  stick- 
I  its  natural  state^  enornsting  small 
ited  firom  the  twigs,  appearing  in  a 
of  its  colouring  matter  by  filing. 
i  simple  pnriflcation,  as  mention^ 
rarth,  called  Inmp-lac^  which  is  the 

posits  its  eggi  on  the  branches  of  a 
oia.  It  appears  designed  to  answer 
I  affording  food  for  the  maggot  in  a 
^ed  with  as  mnch  ait  and  regularity 
9  inhabitants  collect  it  twice  a  jear, 
cation,  it  is  broken  into  small  pieces, 
and  not  above  six  inches  in  cucnm- 
ich  of  them  being  held  by  two  men. 
led,  till  the  lac  is  liquid  enough  to 
isted  in  different  directions,  and  at 
plantain  tree  prepared  for  this  pur- 
g  is  being  heated,  to  be  afterwards 
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Bj  ebalHtion  with  potash,  it  is  decomposed  into  ammonia  and  ethyl-lactate  of  potisriam : 

{cmnyyl^  +  kho  -  (cn*oyy  +  nh«. 

H«     }N  K      }o 

LactMn«tlMiic.  Ethyl-lacUte  of  ^  n  n 

pouuatuin.  Q,  G.  F. 

XiAOTAmo  AOXH.  Sjn.  with  AxAimra  (i  63).  It  is  also  prodneed  bj  the 
action  of  veiy  strong  solution  of  ammonia  on  chloropropionate  of  etbrl  at  100^. 
(Kolbe.  Ann.  Ch.  Phann.  cziii  220.) 

^  Jn 

Laoiamait  of  ammonium  (so  called),  G«H'<NK)«  -  [^^i^pO.— Fonned  hf 

the  action  of  ammonia-pas  on  lactic  ai^ydride  (Bilactic  acid,  p.  461)  (Pelonse); 
or  by  satorating  a  solution  of  lactic  anhydride  in  absolute  idoohol  with  diy  ammonia, 
and  en^ratix^  the  solution.  Tabular  crystals,  Terv  easily  soluble  in  water  and 
alcohoL  On  adding  dichloride  of  platinum  to  the  solution,  fireed  by  boiling  from  excess 
of  ammonia,  only  part  of  the  nitrogen  is  precipitated  as  chloioplatinate  of  ammonium ; 
but  after  boiling  the  filtrate  for  an  hour,  it  gives  a  fiirther  precipitate  with  dichloride 
of  platinum — a  proof  that  part  only  of  the  nitrogen  exists  in  the  form  of  ammonium- 
salt.    (Laurent,  Compt  chim.  1845,  p.  151.)  G.  C.  F. 

H      }o 

&ACTAMI»a.    CH^O*  -i  (CHH))"'     .    (Isomeric  with  alanine  or  Uc 

^    }n 

tamic  acid  (l  63),  C"BraO«  -  (C'H^O)":     .)— Obtamed— 1.  By  the  action  of  am- 

H      }0 
monia  gas  on  lactide  (Pelonse;  Wurtz  andFriedel,  Ann.  dLFbrs.  [8]  lxiill08). 
— 2.  By  the  action  of  an  alcoholic  solution  of  ammonia  on  lactide  ^Wurts  and  Frie« 
del.  Ice.  city — 3.  By  saturating  monethylic  lactate  with  ammonia  and  leaving  the 
liquid  to  stand.    (Bruning,  A^.  Ch.  Pnarm.  civ.  197.) 

It  forms  small  prisms,  which  dissolve  easily  in  toaUr  and  alcokolt  but  do  not  com- 
bine either  with  acids  or  bases.  It  is  decomposed,  by  boiling  with  alkalis  or  adds, 
into  ammonia  and  lactic  add. 

The  above  formula  represents  lactamide  as  derived  from  the  double  molecule  ^sy  [ 

by  the  subetitntion  of  the  radicle  C"H*0  for  H*.  The  substances  described  under  the 
Humes  lactaraethane  (p. 452%  and  lactethylamide  (vid.  infX  are  ethylised  deri- 
ratives  of  lactamide ;  the  former  by  the  substitution  of  O^*  for  the  hydrogen-atom  of 
the  water-residue  contained  in  lactamide,  the  latter  by  the  substitution  of  (^H*  for  one 
of  the  hydrogen  atoms  of  the  ammonia-residue.  These  relations  are  expressed  in  the 
rational  formuls  by  which  lactamethane,  lactethylamide,  and  lactamide  are  respectively 
represented  at  the  places  referred  to.  6.  C.  F. 

H       \q 

ULOraTBTXJUaBa.    CH^NC  -  (C^^O)";     .    Isomeric  with  kctame- 

c«h».h]n 

thane  fWurtz  and  Friedel,  Ann.  Ch.  Phys.  [3]  Ixiii.  110).  Formed  by  the  action 
of  etbylamine  on  lactide.  When  these  two  substances  are  broueht  together,  the  ethyl- 
aniine  immediately  begins  to  boiL  If  the  operation  is  performed  in  a  dose  vessel,  and 
with  anhydrous  materials,  the  whole  solidifies  to  a  crystalline  mass.  This  product, 
when  purified  by  one  crystallisation  from  alcohol,  melts  at  48^,  and  may  be  cooled  to 
4U°  without  freezing ;  but  as  soon  as  czystallisation  has  commenced,  the  thennometer 
riftes  to  46*5''.  Lactethylamide  distils  without  alteration  at  260^.  Its  formation  is 
represented  by  the  equation 

C^«0«     +     C'H'N      -      C»H'»NO«. 

Lnctide.  EtbyUminc.  Laetethylamtds. 

Alkalis  decompose  it  into  ethylamine  and  alkaline  lactate. 

(C»HH))'f  +       KHO         -        (C'H^O)"!         +      C"H».H^. 

C«H».H  }N  K      }0 

LactfthyUmlde.  Lactate  of  pitaitlum.  Rtbylamtnc. 

G.  C.  F. 
ULOTXC  AOXB.    MUehsaure,  C^W  -  ^^?^"|o*.      (Gm.  xL  472).— This 

acid  was  discovered  by  Scheele  in  sour  milk,  and  first  recognised  as  a  peculiar  acid 
by  Berzelius.  Bra  con  not  found  in  the  wash-liquor  of  the  preparation  of  wheat- 
starch,  in  the  fermented  juice  of  mangold- wurzel,  and  other  fermented  vegetable  extracts, 
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witb  8  or  10  pti.  of  fWsIl  %'jnst  eheeee*  as  pudiawd  in  t^  nmi^^  or  100  pta  of  i 
mm  dinolved  In  100  to  150  pts.  of  ndlk,  and  such  a  qoantity  of  trater  that  the  Ij 
rxhibita  a  density  of  10^  Bm. ;  and  either  of  these  mixtures  is  placed,  together  wil 
pts.  of  chalk,  in  an  open  Teasel,  and  exnosed  to  the  snn  for  sevenl  weeks^  witii  free 
agitation,  till  the  reeultinff  lactate  of  ealdnm  begins  to  change  into  bntyrate  (Peh 
and  Oelis).  As  lactate  of  ealdnm  is  mneh  less  soluble  than  bnfTrate,  the  oonreni 
the  former  into  the  latter  may  be  recognised,  when  strong  solutions  of  sugar  are  i 
bj  the  diminution  of  the  crystalline  mass  produced  at  first.  If  the  pfocess  be  too 
interrupted,  a  large  quanti^  of  sugar  remains  unaltered. 

2.  ox  pounds  of  eane-sugnr  and  half  an  ounce  ot  tartaric  acid  (which  serr 
coDTert  the  cane-sugar  into  glueoee)  are  dissolved  in  26  pounds  of  boiling  w 
8  pounds  of  lerigated  chalk  added  after  two  days,  together  with  4  cmnces  of  stin 
hand-cheese,  suspended  in  8  pounds  of  sour  milk  (decaying  cheese  fiijours  the  pre 


tion  of  lactic  acM  and  retards  its  conrersion  into  butyric  add) ;  th&  mixture  set  i 
at  a  temmrature  between  30^  and  35®,  and  well  stirred  eveiy  day  nlU  in  the  coui 
six  or  eight  dajrs,  it  is  conrerted  into  a  stiff  paste  of  lactate  of  caldum ;  this  paste  is  b 
for  an  hour  with  half  an  ounce  of  quicklime  and  20  pounds  of  water ;  the  soli 
strained  through  a  doth  filter  and  eraporated  to  a  syrup ;  the  crystalline  mass  ^ 
forms  in  four  oars,  pressed,  first  by  itself,  then  three  or  four  times,  after  having 
each  time  stined  up,  with  ^  pt  of  cold  water;  and  the  lactate  of  caldum  thus  pui 
is  dissolved  in  twice  its  weight  of  boiling  water.  To  the  solution  of  every  32  pi 
the  caldum-aalt  there  is  then  added  a  mixture  of  7  pts.  oil  of  vitriol  and  7  pts.  wi 
the  lactic  add,  while  still  hot^  is  strained  through  linen  to  separate  it  firom  sulpha 
lime ;  the  filtrate  obtained  fhmi  7  pts.  of  oil  of  vitriol  is  boilea  with  If  pts.  carbons 
sine  for  a  quarter  of  an  hour  (by  longer  boiling  a  very  sparingly  soluble  basic  « 
formed) ;  the  liquid  is  filtered  bofling  hot ;  the  colourless  oystaUine  grains  of  lacts 
sine  which  separate  on  cooling,  are  freed  firom  sulphuric  add  by  washing  with  cold  w 
and  additional  quantitiea  of  crystalline  grains  are  obtained  bv  evaporatinff  the  mo 
liquor,  almost  to  the  end.  Lastly,  1  pt  of  the  zinc-salt  is  dissolved  in  7f  pts.  of 
ing  water;  sulphuretted  hydrogen  passed  through  the  solution  as  long  as  sulphi 
sine  is  predpitated ;  and  the  filtrate  boiled  and  evaporated  on  the  water-bath 
syrup,  wnereupon  8  pts.  of  the  sino-salt  yield  5  pts.  of  syrupy  lactic  acid  (Ben 
Ann.  Ch.  Phann.  Ixi.  174)u  By  this  process,  100  pts.  of  cane-sugar  yield  117  p^ 
lactate  of  caldum,  which,  if  the  sugar  was  white,  is  colourless,  and  does  not  requi 
be  purified  by  pressure.  If  the  carbonate  of  zinc  contains  lime  and  magnesia,  i 
bases  pass  over  to  the  lactic  add,  which,  after  beinff  evaporated  to  a  syrup,  mm 
dissolved  in  ether,  and  separated  ttom  the  lactates  of  caldum  and  magnesium  bv  f 
tion  and  evaporation.  The  caldum-salt  may,  however,  without  fint  prepanng 
cine-salt  from  it,  be  freed  by  repeated  crystaUisation  from  a  nitrogenous  subst 
which  obstinately  adheres  to  it ;  its  solution  in  the  smalleet  possible  quantity  of  n 
mixed  with  a  quanti^  of  pure  sulphuric  add  not  quite  sufficient  to  decompose  it ; 
mixture  heated  with  alcohol  till  the  sulphate  of  oildum  is  completely  separated 
iUtrate  evaporated  to  a  syiup;  the  syrup  dissolved  in  ether;  and  the  ethereal  sol 
filtered  and  evaporated,    (ifngelhardt  and  MaddrelL) 

Lautemann  (Ann.  Ch.  Phann.  cxiiL  242)  recommends  the  followrog  modific 
of  B  e  n  s  c  h*s  process  of  preparation : — Retaining  the  proportions  of  sugar,  tartaric 
milk,  and  chAse  india^ted  b^  the  latter,  he  takes  one-third  more  water,  usee  \ 
grms.  oxide  of  sine  (commercial  zinc-white)  instead  of  levigated  chalk,  and  keep 
tempttsturs  as  constantly  as  posmble  between  40®  and  46^  during  the  fermentt 
Aiter  ei^t  or  ten  days,  the  inmde  of  the  vessel  is  lined  with  white  crystals  of  lacU 
sine,  iHiich  can  be  obtained  pure  by  one  or  two  crystallisations  finmi  boiliuff  v 
The  lactic  add  prepared  from  the  sine-salt  generally  contains  mannite,  which  doe 
completely  crystaUise  out  from  the  concentrated  add.  To  separate  ^s,  the  aqi 
scid  is  shaken  up  with  ether,  and  then  the  ethereal  layer  is  pipetted  off  and  evapor 
it  then  leaves  pure  lactic  add. 

8.  The  solution  of  300  grms.  of  milk-susar  in  4  litres  of  milk  is  placed  in  the  opi 
at  a  temperature  of  25^  to  30®,  and  neutralised  with  add  carbonate  of  sodium  as 
as  it  becomes  sour,  perhaps  every  two  davs ;  boiled  when  it  no  longer  turns  acid 
tered  from  the  curd ;  carefhlly  evaporated  to  a  8}rmp ;  and  the  s]rrup  dissolved  in  i 
rately  warm  idcohol  of  38®  Bm.  dj  treating  this  filtered  alcoholic  solution  of  h 
of  sodium  with  sulphuric  add  to  predpitate  the  sodium,  and  saturating  the  ftl 
lactic  add  with  chuk,  crystalUsed  lactate  of  calcium  is  obtained,  and  may  be  pu 
by  further  treatment.    (Boutron  and  Fr^my,  J.  Phann.  xxvii.  341.) 

b.  FfvmmUk  which  has  turned  tour. — 1.  Scheele  evaporates  sour  whey  to  };  1 
the  liquid  firom  the  curd;  predpitates  the  phosphoric  acid  from  it  with  lime;  ti 
dilutes  wiUi  3  pts.  water ;  precipitates  the  lime  by  carefiil  addition  of  oxalic 
tfters ;  evapnates  to  the  consistence  of  honey ;  extracts  the  lactic  add  with  ale 
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•nd  if  a  nlatannm  wire  be  immersed  in  the  liqoid,  the  lactic  add  may  be  diatilled  omr 
quite  unaltered,  and  with  reffular  ebullition  ^Engelhardt).  If  the  lactic  add  con- 
tains a  small  quantity  of  smphunc  add,  it  yields  only  carbonic  ozida  gas,  no  carbonic 
anhydride  (Pelouze).  If  it  contains  the  smallest  quantity  of  impurity,  albumen  for 
example,  it  does  not  yield  any  sublimate  of  lactide  (Gay-Lussao  and  Pelouse). 
Lactic  add,  heated  slowly  in  contact  with  the  air,  boils  gently,  emitting  a  suffocating 
odoiir,  swells  up,  blackens,  and  leaves  a  sponger  charcoal    (Berzelius.) 

2.  Lactic  acid  (or  ferrous  lactate),  mixed  with  a  sixfold  quantity  of  oil  of  ffitriol, 
and  gently  heated,  firoths  up  briskly,  aoqnires  a  daric-bro^  colour ;  gives  oflf  about  | 
of  its  weight  of  pure  carbonic  oxide  gas ;  and  at  a  higher  temperature,  yields  about  J  oc 
its  wei^t  of  a  humus-like  substance.    ^Pe lo use.) 

8.  AUiDg  niirie  acid  converts  lactic  into  oxalic  add.  (Jules  Gay-Lussae  and 
Pelouse.^ 

4.  Lactic  add  and  its  salts,  distilled  with  small  quantities  of  eommon  salt,  peraxidt 
of  mamgomut^  stdpkurie  add,  and  water,  yield  chiefiv  aldehyde;  with  larger  quantitiea, 
pnnd^Mlly  cUoraL    ^Stadeler,  Ann.  Ch.  Pharm.  Ixix.  832.) 

6.  With  a(^ueous  aljtaline  hypochlorites,  or  chlorous  add,  lactic  add  is  converted,  first 
into  oxalic  acid,  then,  with  effervescence,  into  carbonic  anhydride.    (Cap  and  Henry.) 

6.  When  treated  witiiperoxide  of  barium  or  of  lead,  it  is  converted  chiefly  into  oxauie 
acid.    (Cap  and  Hen  ry.) 

7.  Distilled  with  dilute  suhhurie  add  and  peroxide  qf  manganese  oe  peroxide  of  lead, 
it  yields  a  large  quantity  of  aldehyde,  together  with  carbonic  anhydride.    (Li ebig.) 

8.  Lactate  of  caldum  distilled  with  peniachloride  of  phosphorus,  yields  chlori£  of 
lactyl(C^K))''.CP: 

^ff^l^  ■».  Pa»    -     (ra*Oa«  +  PCK)  +  H«0. 

9.  ^ydriodie  add,  or  a  mixture  of  di-iodide  of  phosphorus  with  a  small  quantity  of 
water,  reduces  lactic  add  to  propionic  add: 

C»H«0«  +  2H«    -    craw  +  EH). 
Lactic  add.  ProploQic 

add. 
(Lantemann,  Ann.  CL  Phann.  nriii.  217.) 

10.  The  action  of  fuming  sulphuric  add  upon  lactic  add  or  lactate  of  calcium  pro- 
dncn  di-sulphometholic  acid.    (Strecker,  Ann.  Ch.  Pharm.  cxvilL  291.) 

•stfO^AOtlo  or  Varateotic  Aeid.  In  1806,  Berselius  discovered  an  add  in 
mnacular  flesh  which  he  believed  to  be  identical  with  the  lactic  acid  prepared  from 
milk.  In  1847,  Li  ebig  (Ann.  Ch.  Pharm.  bdi.  278  and  326)  showed  that  this  add, 
though  similar  to  the  add  of  sour  milk  in  composition  and  in  many  other  respects, 
nereraeless  exhibited  distinct  differences  from  it  in  some  of  its  salts.  He  therefore 
distinguished  it  by  the  name  Sarcolactic  acid  (Fleischmilchsdure),  in  place  of 
which  Paral  actio  add  was  proposed  by  Heints  (Pogg.  Ann.  Ixxv.  391).  In  1868,  it 
waa  found  by  Str eck er  (Ann.  Cn.  Phann.  cv.  313)  that»  by  heating  paralactic add  fur  a 
lonff  time  to  180^  or  140^  and  dissolving  the  resulting  lactic  anhydride  in  water,  this 
acid  may  be  tnmsformed  into  ordinary  lactic  add. 

Prepairation, — Chopped  flesh  is  exhausted  with  cold  water  or  dilute  alcohol ;  the  in- 
loaioq  is  mixed  with  baryta-water ;  the  albumin  is  coagulated  by  boiling,  and  removed 
by  filtration ;  and  the  dear  liquid  is  concentrated  by  evaporation  Sulphuric  add  is 
added  to  the  syrupy  residue,  and  it  is  shaken  with  ether,  which  then  leaves  paralac- 
tie  add  when  evaporated. 

The  difference  between  sarcolactic  and  ordinary  lactic  acids  is  most  distinctly  marked 
in  their  caldum-  and  zinc-salts  (see  below,  Lactate  of  calcium  and  Lactate  of 
sine):  the  adds  themselves  are  hardly  to  be  distinguished. 

TlMbolaetto  aeUL  This  is  another  modification  of  lactic  add  found,  by  T.  and 
H.  Smith,  of  Edinburgh,  in  the  mother-liquors  of  the  preparation  of  morphine.  Some 
cf  its  salts  are  said  to  differ  in  certain  re^)ects  from  ordmary  lactic  acid  (see  THaao- 
LAcnoaciD). 

Xaetataa.  The  best  known  salts  of  lactic  add  are  of  the  form  C*H*MO* :  there 
«r«  also  add  salts  containing  C»H»MO".C»H*0«,  and  double  salts,  C»H»MO>.C«H*M'0*. 
The  existence  of  these  add  and  double  salts  led  Gerhardt  and  other  chemists  to 
double  the  formula  of  lactic  acid,  making  it  C^'*0',  and  regarding  the  neutral  salts  as 
C^*«M*0*,  and  the  add  salts  as  CH'iMO*.  But  the  relations  between  lactic  and  pro- 
pionic adds  have  induced  chemists  in  general  to  return  to  the  lower  formula  of  lactic 
add,  and  to  regard  the  add  lactates  as  constituted  like  the  acid  acetate  of  potasunm 
(i.  17).  Moreover,  Wurtz's  discovery  of  the  dietbylic  lactate  would  render  it  necessary 
to  r«>igard  the  add  with  the  higher  formula  as  tetrabasic,  for  which  there  is  no  warrant. 

The  crystalline  lactates  do  not  effloresce  on  exposure  to  the  air,  but  give  off  water 
in  vacuo,  and  the  whole  of  it  at  100^,  excepting  the  acid  nickel-salt  which  retains  it  till 
heated  to  130^.    They  sustain  a  heat  of  150^  to  170*^  without  decomposition;  the 
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I  «t  140^,  Itsriig  m  tmdm  oi  eaprout  cindk    LmUj,  «  diMolTM 
is  1*95  pt  ooia  wfttor,  in  1*24  pt  baaing  vmtar,  and  in  a  hmU  piopofftion  of  aloobd ; 


whwiii  g  nqmiM  for  aolntion  e  nU.  cTeold  vmtar»  28  pta.  boiling  vnter,  116pti.eol<l 
nlfiolial,nndS«iil&bofli9«leoliol 

JUoB^m  OF  Uov^-^JTWrntf  iaeitU^,  Fe''(C^«O*)*.SH*0»  may  be  pctpaivd  hy 
daoomposing  the  ealcinm-aalt  with  fenoiie  sulphate,  or  bj  mixing  lactate  of  ammeninm 
vith  towMthlori4e  in  preaeneti  of  alcohol;  alao  bj  boifiag  dihite  lactif  acArl  with  iron* 
flliB^  it  forma  email  cijitalsharinff  a  ili^igveenidi  tuit;  th«r  eolation  ozidiaea 
Imt  dowij  on  espoeam  to  the  idc.  Thie  aalt  ie  eoamtimee  need  medicinally  in  the 
trentment  of  chloroeie. 

JVrw  JaeMiff  ie  •  beovn  mwiifihuM  maei^  delignement,  and  r&rj  eolable  in  water. 

Iieoian  «v  Imio.  »Bv  tnatiag  earbooale  of  lead  with  boiling  ladie  acid,  a  neatml 

(wl  ie  ebtaiaeil,  whieh  mkkm  enaporated  depoeits  a  maea  of  anmll  peUidee,  and 

iviiee  an  acid  reaction. 

TATB  OF  MAOiiaaiuic,  ]l«frCHH)^.4H*0  and  8H*0.— Obtained  hr  diaeolTing 

_  ma  in  lactic  add.  Cryrtalliiee  in  cdsme  permanent  in  the  air,  eolable  in  water, 
inaoluble  in  alcohol  The  ealt  «  (aaroolactate^  contains  4  at  water ;  the  salt  fi  con- 
tains 8  at    The  salt « is  also  much  more  selnbie  in  water  and  alcohol  than  fi, 

LaoTAn  -OF  Miiwewi,  Mn''(G*UK)*)'JIH*0.— Laige,  briiliant,  ameci^st-ooloared 
crTstala,  moderatelj  ednble  in  cold  water,  rery  solnble  in  hot  water ;  eoluble  aleo  in 


woanum 
Lacta 


LAcrATiB«r]fBK>imr.--lfiv«m«ws<a0tfa<s,(Hg^<(O*H*O*)*.2HK).  Boee-coloazed 
or  crimson  cfTetak,  obtainad  bf  mixing  the  boiling  eolations  of  lactate  of  eodinm  and 

IfeftmncrAMtete.— The  nsntral  salt  is  not  known.  A  basic  ealt  Hflf(C^*0*)<.Hg"0, 
in  obtained  bj  boiling  meBcarie  oodde  with  dilnte  lactic  acid  till  the  Bqnid  is  saturOed. 
The  eolntion  yielde  by  eraporation  a  yeUow  salt,  insoluble  in  water,  and  a  colourless 
aaH  which  is  Teiy  solnbb.  The  Uker,  whieh  has  the  compoeition  aboTe  spTen, 
cnrscallieM  in  shiiuQg  pciams  whieh  eOoresoe  rapidly  in  the  air,  and  are  reiy  sparingly 
aolnble  in  alcohoL  

LaczATi  OF  NicKxi«  Nr(C^HKH)*JHH).— Apple-gieen  needlee,  Texr  eoluble  in  cold 
water,  more  eoluble  in  hot  water*  insoluble  in  aloohoL    The  solution  has  a  slight  ucid 
reaetioQ.    According  to  Kngdhaid^  the  salt  m  gives  off  the  whole  of  ite  water  at  100*^,  . 
but  0  doee  not  part  with  the  thixd  atom  before  180^ 

LacTAn  OF  roxAsstuic — ^Very  soluble,  and  orjstallisee  with  diflkulty. 

Laceaxs  of  Siltxr.  AgC*HH)*Ji'0.— Obtained  by  boiling  carbonate  of  rilrer 
with  lactic  add.  It  forms  silky  needlee  grouped  in  nodnlee,  neutral  to  test-paper, 
blackening  quickly  by  expoeure  to  ligh^  toit  soluble  in  warm  alcohol,  nearly  insoluble 
in  cold  ahaonoL  The  aqueous  solution,  when  boiled  for  some  time,  acquires  a  fine 
blue  colour,  and  deposite  brown  flakes.  It  majr  be  heated  to  80^  without  decompoeing, 
bat  blackens  and  giree  off  gas  at  100^.  The  air-dried  salt  contains  2  at  water,  which 
it  ffiree  off  ta  ^aeuo, 

X^AorATM  OF  SoDiTJii. — Moma9odie  UetaU,  NaCHK)*.  An  amoiphous,  deliquescent 
maas,  Tery  euluble  in  water  and  abeolute  alcohol ;  ether  ^recipitatee  it  from  ite  alcoholic 
•olntion.    Dried  at  140^,  it  poeseesee  the  abore  composition.    (W i  s li ee n n s.) 

Duodie  lociait.— Monoeodic  lactete  heated  to  IZQP  is  acted  on  by  sodium,  hydrogen 
being  liberated  and  a  sodium-salt  formed,  which,  together  with  unaltered  mouoeodic 
lactate,  contains  disodic  lactate.  The  product  thus  obtained  is  a  bright  yellow,  very 
hard  and  brittle  mass.  It  deliqueecee  quickly  in  the  air.  When  cotvo^  with  water, 
it  ie  deoompoeed,  with  re^  perceptible  developmeot  of  heat,  into  monosodic  lactete 
and  hy<h»te  of  sodium.  The  deliqueeced  salt  absorbs  carbonic  anhydride  ^m  the 
sir ;  eo  that  when  H  has  been  long  expoeed,  abeolute  alcohol  disaolyee  out  monoeodie 
lactete^  leering  a  rseidue  of  carbonate  of  sodium.  Bieodic  lactete  appears  to  dissolTe 
without  alteration  in  perfectly  anhydrous  aloohoL  With  iodide  of  methyl,  it  yields 
iodide  of  eodium  end  methyl-laetate  of  eodium.  (Wi slice nus,  Aao.  (Jh.  Pharm. 
«XXT.  4«.) 

Lactatb  of  Bimmi'iUM,  8i<'(C«HK)^.8HK).— Neutral  and  rery  soluble. 

LACTAnoFTor.  StamumakuiaU.  8n''(C^K)*)>.Sn''0.— This  basic  salt  is  obteined 
bj  mixing  an  arid  solution  of  stannous  chloride  with  lactete  of  sodium.  It  is  a  white 
cffyvtalUne  |nwder,  ineoluble  in  cold  water,  yery  eoluble  in  hydrochloric  add ;  soluble 
ftleo  in  acetic  add  after  prolonged  ebullition. 

Siammie  ddoride  mixed  with  lactete  of  sodium  doee  not  yield  ciystels^  or  a  predpi- 
tate  eren  after  concentration  to  a  syrup. 

Lactatx  of  UxAJfiuM.— Uranic  lactete,  (UH)«nC"H*0«)«,  is  obtained  in  yellow 
oyvtalline  cruste  by  eyapomting  a  solution  of  uranic  oxide  in  lactic  add. 

Lactatb  or  Ziwc.  Zn''(C»HH)»)«.8HK)  and  2H*0.— Prepared  by  boiling  carbonate  of 
mac  with  lactic  add.  llie  ealt  ii^sarcolactate)  is  depoeited,  as  the  eolntion  cools,  in 
yeiy  dilute  needles,  irregularly  grouped ;  on  touching  the  yeeseU  these  sronpe  eeparate^ 
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BotHag  point,  208^.  Vapoiuwdennty,  found  673«  calculated  6*61.  Heated  with  caustic 
potash  in  •  sealed  tube,  it  is  deeompoeed  into  alcohol,  and  lactate  and  butjrate  of 
pocamnm.  (Wurti,  Ann.  Ch.  Phja.  [3]  lix.  177.~Thiii  mode  of  deoompoeition  is 
important,  •inc^  were  Kolbe's  view  of  the  constitntion  of  butjrolactic  acid  conect,  it 
ought  to  yield  propionate  and  butylactate  (oxybutyrate)  of  jtotassium  when  decompo^«l 
by  potash.    (Compare  Ann.  Ch.  Pharm.  cziii  234, 235,  also  toL  ii.  p.  701  of  this  work. ) 

90mit(Uo   aaUL     AfU^drcua  tactic  add  (Pelouse),  Acide  lactidique  (Laurent). 
(CTIH))") 
C'H**0*    »    (CHH))''VO*«    This  substance  remains  as  a  pale-yellow,  amorphouis 

H«  I 
easily  ftisible  .mass^  when  lactic  acid  is  exposed  for  some  time  to  a  temperature 
between  130^  and  200^.  It  is  conyerted  into  lactic  add,  slowly  by  ebullition  with 
water,  quickly  by  the  action  of  aqueous  alkalis.  By  dry  distillation,  it  is  oonrerted 
into  lac  tide  (p.  464).  With  gaseous  ammonia  it  yields  the  compound  CH'*NK)*, 
eomroonly  called  laetamate  of  ammonium,  but  more  correctly  dilactylamate  of  ammonium 
(p.  468). 

Dilttctate  of  calcium^  CBPCa^)*. — Obtained  by  heating  lactate  of  calcium, 
prerioDaly  dried  at  100^,  to  280^.  It  is  much  less  soluble  in  absolute  alcohol  than  lactate 
of  ealcidm.    (Wurts  and  FriedeL) 

i>t7«c<«<#o/say^  MonethylicdihM!tote,CTI»K)»-|^^*|o«,  is   formed  by 

the  action  ot  chlorc^ropionate  of  ethyl  on  lactate  of  potassium: 

C«H»   JO    +       HK    ]^    -      CTI».h1^  ■*•  ^^ 
OkJoropropiaoals  of       LacUte  or  MooKhfHo 

ecbyl.  poCaMiom.  dllacUte. 

It  IS  a  colouzlees,  oily  liquid,  of  specific  grayity  1  *134  at  0^ ;  boiling  point  about  235^. 
It  is  decomposed,  when  heated  with,  water  in  sealed  tubes,  into  alcohol  and  lactic 
add.    (Wurts  and  Friedel.  Ann.  Ch.  Phys.  [8]  briii.  112.) 

MoKosvLPHoniLAono  aon),  C^^*0*S.  (Schacht,  Ann.  Ch.  Pharm.  czziz.  4.)— 
Tliis  add  was  obtained  as  the  product  of  an  operation  conducted  with  a  yiew  to  the 
preparation  of  sulpholactic  add  (p.  462).  Instead  of  neutralising  the  aqueous  solu- 
tion  of  the  crude  product  containing  snlpholactate  of  potassium  (see  n.  462)  with 
bydrodiloric  add,  it  was  neutralised  with  ailute  sulphuric  add,  and  a  ftirtner  quantity 
or  sulphuric  add  was  then  added,  suffident  to  decompose  the  milpholactate  only.  Mono- 
solphodilactic  add  then  separated  at  the  surface  of  the  concentrated  saline  solution, 
aofl  was  obtained  pure  by  solution  in  ether  and  eyaporation  under  the  air-pump. 

Monosulphodilactic  acid  is  soluble  in  Water,  alcohol,  and  ether,  but  does  not  crys- 
tallise. It  contains  the  elements  of  two  molecules  of  sulpholactic  add  minut  one  mole- 
cule of  sulphydric  add : 

2C»HH)«8  -  H«S     -     C^'«0*S. 

By  oxidation  with  dilute  nitric  acid,  it  yields  dilactylsulphurous  acid,  C*H**SO' 
(Vipropiansekio^elsSvre^  8chAcht),  the  barium-salt  of  which  is  a  white  amorphous 
powder  containing  C*H^Ba^80*. 

i  aald*    See  Lactio  Ethbbs  (p.  463). 

I  aaUL  8uipkopropionic  acid,  OH^jO*. — ^This  add  is  formed  by 
the  action  of  filming  sulphuric  ncid  on  cjanide  of  ethyl,  or  on  propionamide,  in  the 
process  for  peparing  disnlphetholic  add  (Buckton  and  Hofmann,  Chem.  Soc.  Qu.  J. 
IX.  261) ;  atfo  when  sulpholactic  add  is  oxidised  with  dilute  nitric  add.  (Schacht.) 

LaetffUulphite  of  Ammonium  is  exceedingly  soluble  in  water,  and  uncrystal- 
liaable.    Absolute  alcohol  throws  it  down  as  a  thicUc  tready  mass. 

Laetyhulpkite  of  Barium,  C"H^Ba*SO^  crystallises  from  a  saturated  boiline 
sahitaon  in  fine  silk^  crystals,  ammged  in  spherical  groups.  It  may  be  dried  at  170^ 
without  deoompodtion. 

DiLACTTLSULPHUBOUS  AoiD.    See  aboye. 

Lm^I-  and  dilactylnilphurmis  adds  may  be  regarded  as  containing  the  radidcM  of 
laetie  and  salphnions  adds,  and  may  be  represented  by  the  fb&owing  rational 
Ibnnnls: 

(Cm*Of)  (CHK))" 


(80r[0«  (0^*0)"!^ 


H»)  (SO)" 

Lacfyltalpboroiu  acid.  DlUctyltulphurons  tdd. 

Matkjl-lmetie  Mid.    See  Lactic  Ethbbs  (p.  464). 
•moeiii^teetie  Aelds.    The  only  known  representatiyes  of  these  substances  are 
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juic©  which  exudes,  by  incinion,  fifom  the  leares  and  stems  of  certain  species  of  Lactura, 
especially  Lactuca  virosa.  It  has  a  peculiar  odour  resembling  that  of  opium,  and  acts 
as  a  narcotic.  German  lactucarium  contains,  according  toLudwig  (Arch.  Pharm. 
[2],  7, 129;  Jahresber.  1847-8,  p.  824),  from44-4  to  63-6  per  cent  bctucone;  a  soft 
reein  ;  about  4  per  cent,  of  an  easy  fusible  waxy  body ;  lactucin,  the  chief  actire  prin- 
ciple of  the  substance ;  lactucic  acid ;  about  1  per  cent  of  oxalic  acid ;  a  non-ToIatile 
not  bitter  acid,  which  reduces  oxide  of  silver ;  and  a  Tolatile  add  smelling  like  Taleri- 
anie  add,  both  in  small  quantity  only;  about  7  per  cent  of  albumin;  at  least 
2  per  cent  mannite ;  a  small  quantitpr  of  a  neutral,  not  bitter,  unfermentable  sub- 
stance, crystallising  in  riiombic  pyranuds ;  and  from  3  to  6  per  cent  ash,  containing 
potash,  soda,  manganic  oxide,  ferric  oxide,  and  a  small  quantity  of  lime. 


A  substance,  insoluble  in  water,  contained  in  lactucarium. 
probably  identical  with  lactucone. 

XACTUUIO  AOTD.  This  substance  is  obtained  by  triturating  lactucarium  with 
an  equal  weight  of  dilute  sulphuric  add,  adding  5  pts.  of  alcohol  of  84  per  cent., 
filtering,  shaking  up  the  filtrate  with  slaked  lime,  decolorising  with  animal  charcoal, 
ATaporating,  heating  the  residue  to  boiling  with  a  Ivge  quantity  of  water,  and  erapo- 
rHtang  the  aqueous  solution,  after  decolorisinff  it  with  ammal  charcoaL  A  mixture  of 
lactucic  add  and  lactndn  then  remains,  and  on  dissolving  this  in  boiling  water,  the 
Uctucin  dystallises  out  on  cooling;  and  the  remaining  liquid  yiddsi,  by  evaporation, 
impure  lactudc  add. 

Lactucic  acid  thus  obtained  is  a  light  yellow  mass,  amorphous  at  first,  but  becoming 
cr^  sUilline  aft«r  a  while ;  its  colourless  aqueous  solution  is  coloured  wine-red  by  alkalis, 
and  when  boiled  with  cupric  sulphate  and  excess  of  soda,  reduces  the  cu^c  to  cuprous 
oxide.  (Lu d wi &  Jahresber.  1847-48,  p.  824.)  According  to  Walz  (N.  Jahrb.  Pharm. 
XT.  118),itisC*H^'» 

TJLOVUCTM.  A  substance  contained  in  lactucarium,  and  supposed  to  be  its  active 
principle.  It  is  obtained  by  treating  the  extract  with  alcohol  containing  2  per  cent  of 
strong  vine^r,  diluting  the  solution  with  water,  predpitatine  with  basic  acetate  of 
lead,  removing  the  excess  of  lead  from  the  filtrate  hj  sulphydnc  add,  evaporating  at  a 
gentle  heat,  digesting  the  reddue  in  ether,  and  leaving  the  ethereal  solution  to  evapo- 
rate. Ludwig  and  Kromayer  (Arch.  Pharm.  [2]  cxL  1)  prepare  it  by  macerating 
lactucarium  in  1^  pt  hot  water  for  four  days,  then  pressing  the  mass,  again  treating  it 
with  a  little  cold  water,  boiling  it  five  times  with  fresh  portions  of  alcohol  (which 
leavi4  lactucone  undissolved),  and  evaporating  the  extracts  to  half  the  bulk  of  the 
material  used.  The  product  is  then  predpitated  with  basic  acetate  of  lead,  and  recrys- 
tallised  from  alcohol  as  above. 

Lactudn  is  yellowish,  fusible,  bitter,  soluble  in  80  parts  of  cold  water,  moderately 
soluble  in  alcohol  and  in  acetic  add,  less  soluble  in  ether,  which  deponts  it  by  evapo- 
ration in  the  crystalline  state.  According  to  Kromayer  (Arch.  Pharm.  [21cv.  3),  it 
cryRtallises  in  nacreous  scales  or  rhombic  tables,  probably  containing  G^*^'  or 
C«H»0«.  According  to  Wall  (N.  Jahrb.  Pharm.  xv.  118X  it  is  C*«H*H)".  Nitric 
add,  of  specific  gravity  1*48,  converts  it  into  a  resinous  body  quite  devoid  of  taste. 
Strong  siuphuric  add  turns  lactudn  brown.  Lactudn  heat«d  with  potash  gires  ofl' 
ammoniacal  products  (?).  Its  solutions  are  not  predpitated  by  any  reagent  (Buch  ner, 
Rep.  Pharm.  xliii  1,  Gul  xvi  276.) 

XiACrucOJiS.  C^H**0'  (?).— A  crystalline  substance  extracted  from  lactucarium 
by  boiling  alcohol.  It  forms  mammillated  crystals,  which,  after  purification  by  recrys- 
t^illisation  and  treatment  with  animal  charcoal,  are  colourless,  insipid,  melt  between 
160^  and  160®,  are  insoluble  in  water,  but  dissolve  very  easily  in  alcohol,  ether,  and 
oils,  both  fixed  and  volatile.  It  yields  acetic  add  in  large  quantity  by  distillation.  It 
may,  however,  be  partly  volatilised  without  decompodtion  in  a  stream  of  carbonic  add 
gas.  It  yieldis  by  analysis  80*56—81*25  per  cent  carbon,  and  10*91 — 11*33  hydrogen, 
numbers  which  agree  nearly  with  the  formula  C^H*'C)'.  It  is  an  indifferent  substance, 
and  is  not  affected  by  potash  or  by  chlorine.  Its  alcoholic  solution  does  not  pfedpitat« 
metallic  salts  dissolved  in  alcohol    (Lenoir,  Ann.  Ch.  Pharm.  lix.  83.) 

ZUUnruoOFIOSnr.  An  nnerystallisable  substance,  which  remains  in  the  mo- 
ther-liquors of  the  preparation  of  lactudn  by  Ludwig  and  Kromayer' s  process 
{md.  st$p.),  after  the  greater  part  of  that  substance  has  been  predpitated  by  basic 
acetate  of  lead.  When  freed  from  admixed  lactudn  and  lactucone  by  ether,  it  forms 
a  brown,  amorphous,  very  bitter  mass,  having  a  faint  add  reaction,  soluble  in  whU-r 
and  alcohoL  It  contains  52*6  per  cent  carbon,  6*8  hydrogen,  and  36*6  oxygen,  agreeing 
nearly  with  the  formula  C^'^O'***,  and  is  therefore  produced  from  lactudn  by  assumption 
of  water  and  oxygen.    (Kromayer,  DU  Bitterstoffe^  Erlangen,  1861,  p. 79.) 

Vol.  m.  H  H 
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remored,  and  the  needles,  together  with  the  mother-liquid,  treated  as  in  the  first  method, 
to  obtain  sulphate  of  lanthanum.    (Mo s a n d e r.) 

In  both  cases,  the  separation  may  be  greatly  facilitated  by  first  dissolying  the  mixed 
oxides  of  the  two  metals  in  a  large  excess  of  nitric  acid,  and  precipitating  in  successire 
portions  by  oxalic  acid  ;  the  first  precipitates  thus  formed  have  a  much  deeper  rose- 
colour,  ana  are  much  richer  in  didymium  than  the  latter.  The  separation  thus  ftflfected 
is  rery  imperfect  in  itself,  but  it  greatly  facilitates  the  subsequent  separation  of  the 
tiulphates,  which  is  much  more  rapid  when  one  of  the  sulphates  is  in  great  excess  with 
re^urd  to  the  other.    (Marignac.) 

M(taUic  lanthanum  is  obtained  by  decomposing  the  anhydrous  chloride  with  sodium, 
and  dissolving  out  the  chloride  of  sodium  with  alcohol  of  specific  gravity  0*833.  It  is 
a  dark,  lead-grey  powder,  soft  to  the  touch,  and  adhering  when  pressed. 

Lauihanum  appears  to  form  only  one  series  of  compounds,  in  which  it  is  diatomic. 
e,g.  the  ckloridehoGl* ;  the  protoxide  LaO. 

&AVTBAWBK,  CBXiO&ZIia  OV«  LaCl*,  is  obtained  in  the  anhydrous  state 
by  igniting  the  oxide  in  a  current  of  hydrochloric  acid  gas  (Mosander),  or  by  dis- 
aolving  the  oxide  in  hydrochloric  acid,  evaporating  the  solution,  mixed  with  sal- 
ammoniac,  to  dryness,  and  heating  the  residue  till  the  sal-ammoniac  is  expelled.  It 
then  remains  as  a  radio-crystalline  mass,  which  deliquesces  in  moist  air,  and  dissolves 
easily  in  alcohol.     (R.  Hermann,  J.  pr.  Ch^m.  Ixxxii.  385.) 

A  hydrated  chloride ^  LaCl'.4H*0,  is  obtained  as  a  radio-crystalline  mass,  by  evaporat- 
ing a  solution  of  the  oxide  to  a  syrup,  and  leaving  it  over  oil  of  vitriol.  When  heated 
in  moist  air,  it  gives  off  water  and  hyHrochloric  acid,  leaving  a  mixture  of  chloride  of 
laothanum  and  an  oxvchloride  containing  3LaO.LaCl'. 

Ckloromereurate  of  Lanthanum^  LaCl'.SHgCl'.SH'O,  is  obtained  by  evaporating  a 
solution  of  the  component  chlorides,  in  colourless  cubes,  easily  soluble  in  water,  but 
&ot  deliquescent.    (Marignac,  Ann.  Min.  [6]  xr.  272.) 

lOkMrnAMUm^  BSTBOTZOW  and  B8TZBSATZOW  OV.  1.  Reactions, 
Pure  lanthanum-compounds  fused  with  borax  before  the  blowpipe,  form  a  perfectly 
colourless  bead ;  the  slightest  tinge  of  amethyst  is  an  indication  of  the  presence  of 
di«lymium. 

Lanthanum-salts  in  solution  are  colourless,  and  have  an  astringent  taste.  With 
CHUJ*tic  potash  or  soda,  Xhej  yield  a  white  bulky  gelatinous  precipitate  of  tbe  hydrated 
oxide,  which  is  insoluble  m  excess  of  the  alkali,  but  dissolves  completely  in  chlorine- 
water,  without  forming  any  yellow  deposit  Ammonia  throws  down  a  basic  salt 
Oxalic  acid  or  oxalate  of  ammonium  forms  a  white  flocculent  precipitate,  which  does 
not  become  ci^alline.  In  other  respects  the  solutions  resemble  those  of  eerous  sajts 
(i.  833),  especially  in  forming  with  sulphate  of  potassium  a  white  crystalline  precipi- 
tate quite  insoluble  in  excess  of  the  reagent 

2.  Estimation  and  Separation. — Lanthanum  is  best  precipitated  from  its  solutions  by 
oxalate  of  ammonium.  The  precipitated  oxalate^  ignited  in  a  covered  platinum  crucible, 
is  converted  into  the  anhydrous  oxide,  La*0,  containing  86-4  per  cent,  of  the  metal 

The  methods  of  separating  lanthanum  from  most  other  metals  are  the  same  as  those 
adopted  for  cerium  and  didymium.  The  separation  of  lanthanum  from  cerium  itself 
may  be  effected  by  precipitation  with  an  alkaline  hypochlorite,  or  by  boiling  the  mixed 
oxides  in  a  solution  of  sal-ammoniac  (i  832).  No  method  of  separating  lan- 
thanum from  didymium,  sufiSdently  exact  for  quantitative  analysis,  has  yet  been 
diwjovered. 

3.  Atomic  Weight  of  Lanthanum, — ^Mosander,  by  the  analysis  of  sulphate  of  lan- 
thanum, estimated  the  atomic  weight  of  the  metal  (diatomic)  at  92*8.  Marignac 
(Ann.  Ch.  Phys.  [3]  xrvii.  209),  by  a  similar  method,  obtained  a  somewhat  higluT 
Dumb«'r,  viz.  94*08.  Holsmann  (J.  pr.  Chem.  Ixxv.  821),  from  the  mean  of  his 
analyses  of  the  sulphate  and  of  the  iodate,  obtained  the  number  92*8 ;  and  R.  B  e  r  - 
m  a  n  n  {ibid,  Ixxxii.  385),  from  his  analyses  of  the  carbonate,  sulphate,  and  chloride, 
obtained  92*88.  Mosander's  determination  may,  therefore,  be  regarded  as  fully 
confirmed. 

XhlkRSAWM,  F&VOSXBB  OV«  Sulphate  of  lanthanum  forms,  with  fluoride 
of  sodium,  a  white  flocculent  precipitate,  sparingly  soluble  in  hydrochloric  acid. 
(Hermann.) 

IJkjrTKAWBK,  OZXBSS  OV.  Lanthanum  forms  two  oxides,  viz.  a  protoxide, 
IaO,  and  a  peroxide^  the  composition  of  which  has  not  perhaps  been  exactly 
ascertained. 

The  protoxide  !■  obtained  by  igniting  the  hydrate,  carbonate,  or  oxalate,  first  in 
contact  with  the  air,  afterwards  in  contact  with  the  reducing  gases  oi  the  flame.  It  then 
forms  white  lumps  having  the  same  texture  as  the  peroxide,  and  a  specific  gravity 
of  6*94.     When  exposed  to  the  air,  it  takes  up  water  and  carbonic  acid,  a:Ki  in  contact 
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ia,  t})«r«<fore,  titolem  to  attempt  the  calculation  of  ft  formula  from  the  analyses.  On 
examining  thin  slices  of  the  mmend  under  the  microscope,  the  blue  colouring  matter  in 
seen  to  be  distributed  amidst  a  white  ground.  The  composition  of  artificial  ultra- 
roaHne  renders  it  probable  that  the  colouring  matter  of  the  natural  mineral  is  either 
a  polysulphide  of  sodium,  or  a  compound  of  the  protosulphide  with  a  polythiouate 
of  sodium. 

Lapis  lazuli  is  nsuallj  fbund  in  granite  or  in  crystalline  lime-stones.  It  is  brought 
chiefly  from  China.  Siberia,  and  Bucharia ;  the  specimens  often  contain  scales  of  mica 
and  pyrites.    On  the  banks  of  the  Indus,  it  occurs  disseminated  in  a  greyish  limestone. 

The  richly  coloured  rarietiee  are  highly  esteemed  for  making  costly  vases  and  orna- 
mental furniture ;  it  is  also  employed  in  the  manufacture  of  mosaics,  and  when  pow- 
dered constitutes  the  rich  and  durable  pigment  called  ultramarine  (q.v.) 

tULPtB  OTitiAWm  or  PoUtone  is  a  coarse  granular  dark-coloured  variety  of 
steatite. 

&ASCB.    See  Lasix. 


A  borate  of  ammonium  occurring  at  the  lagoons  of  Tuscany, 
as  a  white  efflorescence  composed  of  microscopic  crystals.  It  contains,  according  to 
Bee  hi  (Bill  Am.  J.  [2]  xni  180),  68  5fl  per  cent,  boric  anhydride,  11-73  oxide  of 
ammonium,  and  1832  water,  agreeing  nearly  with  the  formula  (NH«)K).4B^'.4H^. 
If  is  soluble  in  water,  and  &e  hot  solution  yields  another  salt^  composed  of  (NH*)''0. 
6BH)».9H«0. 


A  variety  of  talc  {q.v,) ;  also  syn.  with  Aoalhatolitb. 

Tift»T1g  aintOFJBA  or  Pinus  Larix,  The  Larch  tree.  The  young  branches  of 
this  tree  exude  a  kind  of  manna,  from  which  Berthelot  has  obtained  a  fermentable 
sugar  called  melesitose  (q»v.)  The  bark  contains  a  peculiar  acid,  to  be  described  in 
the  next  article. 


XO  AOZB.  C'»H»*0».  (Stenhouse,  Phil.  Trans.,  1863,  p.  63;  Proc. 
Koy.  Soc  xi.  405.) — A  volatile  crystaUisable  acid  contained  in  the  bark  of  the  larch- 
tree,  most  abundantly  in  that  of  the  smaller  branches  of  treeA  from  20  to  30  years 
old.  It  is  obtained  by  exhausting  the  bark  with  water  at  80**,  evaporating  the  extract 
to  a  syrup  and  distillmg  in  vessels  of  glass,  porcelain,  or  silver.  The  acid  which  passes 
over  c^ystalli^'e8,  partly  on  the  inner  surface  of  the  receiver,  but  the  greater  part  is  ob- 
tained in  the  crystalline  form  on  evaporating  the  distillate.  The  brown-yellow  crystals 
thus  obtained  are  purified  by  recrystallisation  and  sublimation. 

Sublimed  larixinic  acid  forms  dystals  resembling  those  of  benzoic  acid,  often 
an  inch  long,  and  having  a  brilliant  silvery  lustre ;  they  are  monoclinic  and  usually 
ocrur  in  twins.  The  crystals  deposited  from  water  are  also  monoclinic.  The  acid 
sn blimps  at  93^,  melts  at  153^,  often  volatilises  with  vapour  of  water,  has  a  slightly 
b:tt«»r  astringent  taste,  and  smells  like  camphor  or  naphthalene.  The  crystals  catch  fire 
r<*adilv,  and  bum  with  a  bright  flame,  leaving  no  residue.  The  acid  reddens  litmus 
slightly,  dissolves  in  87*9  pts.  tpaier  at  60°,  more  easily  in  boiling  water  and  in  alcohol^ 
sparinglv  in  ethr.  Nitric  acid  converts  it  into  oxalic  add.  When  treated  with 
htfdrochioric  acid  and  chlorate  of  potassium  it  does  not  yield  chloranil. 

The  aqueous  solution  of  larixinic  acid  is  precipitated  by  haryta-watfr^  forming  an 
easily  decomposible  precipitate  which  contains  84*9  per  cent,  baryta.  The  acid  is  nut 
precipitated  by  lime'ioater  or  svgar-limey  or  by  lead-^  or  si/vcrsalts ;  neither  does  it 
reduce  the  metal  from  the  latter  on  boiling.  Ferric  salts  produce,  even  in  dilute  solu- 
tion of  larixinic  acid,  a  characteristic  purple-red  colour. 

Larixinaie  of  potassium  forms  flat  red-brown  crystals  which  become  darker  on  re- 
crystallisation,  and  are  decomposed,  even  by  carbonic  acid. 

Larixinic  acid- is  not  fbund  m  the  bark  of  Abies  excelsidr,  or  Pinus  sylvestriK 

&A8ZOVXTB.    Syn.  with  WATBixm. 

Blue  carbonate  of  copper  (i  783). 
r  AOZ9.  craw  An  add  whose  phenyl-«ther,C'«HH>»«C^C^)0*, 
is  produced,  together  with  hydrochloric  acid,  by  the  action  of  oxychloride  of  phos- 
phorus in  excess  on  salicylate  of  sodium.  When  the  temperature  rises  high,  a  viscid 
L'qnid  passes  over,  which,  on  standing,  deposits  tabular  crystals  of  the  phenyl-ether, 
leaving  a  mother- liquor  which  smelb  of  hydrate  of  phenyL  (Kolbe  and  Lau te- 
rn an  n,  Ann.  Ch.  Pharm.  cxv.  167.) 

&ATUXTlk^  (from  later,  a  brick^  is  a  name  applied  by  Indian  geologists  to  a 
formation  common  in  Ceylon  and  Inaia,  and  consisting  of  reddish  clay,  mure  or  lees 
hardened,  and  endodng  nodules  of  quartz :  the  Cingalese  call  it  cabouk^  True  laterite 
is  a  bard,  dense,  almost  jasper-like,  reddish  or  brick- rod  rock,  ooubisting  of  hardened 


Digitized  by 


Google 


Digitized  by 


Google 


LAURELIC  ACID— LAURIC  ACID,  473 

LAQDiontite  is  remarkable  for  the  facilitj  with  which  it  girea  up  its  combined 
Water,  is  conaeqaence  of  which  it  is  often  found  opaque  and  friable.  This  change 
mar  be  prerented  in  cabinet  specimens  by  dipping  them  in  a  thin  solution  of  gum- 
arabic  According  to  Halaguti  and  Durocner,  it  loses  2*26  per  cent  water  when  kept 
for  a  month  in  a  vacuum,  and  3*65  in  the  exsiccator  oyer  sulphuric  acid.  In  damp 
air  it  does  not  effloresce ;  and  the  effloresced  mineral,  when  exposed  to  such  an  atmo- 
^>here,  recoyers  the  water  which  it  has  lost 

Sometimes  the  alteration  of  laumontite  by  natural  processes  ffoes  a  step  further, 
and  carbonate  of  caldilm  is  formed.  A  laumontite  from  Oberschdd,  near  Dillenburg, 
thoa  altered,  contains  (dried  at  100^),  according  to  Wildenstein  (Jahresber.  1850, 
P.734X 

«0«  APO»  Fe«0»  CaO  H«0  C(P 

S912  13*43  2*60  25*18  6*22  13*45     -     100 

or,  deducting  carbonate  of  calcium : 

56*33  19*34  3*73  11*64  8*96  .    .      -     100 

It  has  therefore  been  oonyerted  into  a  mixture  of  laumontite  containing  only  half 
of  the  original  quantity  of  water,  with  carbonate  of  calcium  and  a  small  quantity  of 
free  silica. 

Laumontite  likewise  occurs  more  or  less  altered  to  wthodase  (C.  Bischo^  Ram- 
melsber&s  Mineralchemie,  p.  631;  Lewinstein,  ibuL  p.  997;  Jahresber.  1860, 
P-  771). 

Capordanite  (I  741)  is  perhaps  an  altered  laumontite — Schneiderite^  a  zeolite  from 
the  gabbro  of  Tuscany,  and  containing,  according  to  Bee  hi  (SilL  Am.  J.  [2j  xiy. 
64),  47'79  per  cent  silver,  19*98  alumina,  1676  lime,  11*04  magnesia,  1*62  alkali,  and 
3*41  water,  is,  according  to  Breithac^  a  decomposed  laumontite.  Beilin  regards 
ftUi/orsiie  (ii.  361%  and  similar  minerals  from  Fahlun  and  Martenberg  in  Sweden,  as 
decomposed  laumontitea. 

XiAintBIiZO  AOm.  An  add  obtained,  according  to  Grosourdi  (Jahresber. 
185 1,  p.  562X  from  the  berries  of  Laurus  nobilis  (p.  477). 

&AVmiO  AOXB.    C*'H*K)*»^''^^|o.     Laurottearic  acid,    Pichuric  acid. 

(Marsson,  Ann.  Ch.  Fharm.  xlL  33. — Sthamer,  ihid,  liii.  393.— Gorgey,  ibid.  Ixvi. 
303. — ^Heintz,  Pogg.  Ann.  xciL  429  and  583;  J.  pr.  Chem.  Ixvi.  1.— A.  C.  Oude- 
mans,  Jun.,  J.  pr.  Chem.  Ixxxi.  356. — Qm.  xv.  43.) — ^This  acid,  belonging  to  the 
series  OHM)',  occurs  in  the  fat  of  the  bay-tree,  Lawrus  nobUis  (Marsson) ;  in  the  fat 
of  pichurim-beans  (Sthamer);  also  in  the  volatile  oil  of  these  beans  (A.  Miiller, 
J.  pr.  Chem.  Iviii.  469) ;  in  small  quantity,  together  with  many  other  adds,  in  sperma- 
ceti (Heintz);  in  croton-oil  (Schlippe,  Ann.  Ch.  Pharm.  cv.  14);  in  the  fruit  of 
Ctfdicodaphne  sehifera  (Gorkom,  lydschrift  af  NecrL  Indie,  Ixxxi  410);  in  the 
soN-called  Dika  bread,  the  fruit  of  Mangifera  gabonensiSy  together  with  myristic  acid, 
but  unaccompanied  by  any  other  acids  (Oudemans);  in  the  age  or  axin  of  tho 
Mexicans,  a  salve-like  fat  obtained  from  Coccus  Axia  (Hoppe,  J.  pr.  Chem.  Ixxx.  102) ; 
and  in  cocoa-nut  oU  (Gorgey  and  Oudemans).  It  may  be  formed  artificially  by 
heating  ethal  Ojetylic  alcohol)  with  potash-lime  to  275°— 280°  (Heintz,  Scharling). 
Aocormng  to  Heintz,  it  is  {voducea  only  from  mixed  (crude)  ethal,  inasmuch  as  this 
substance  oontiins  lethal : 

0»«H»0  +  KHO     -    C»«H»KO*  +  2H«. 
But,  according  to  Scharling,  it  is  obtained  from  the  ethal  itseit,  C'H'^O,  which,  accord- 
ing to  him,  is  decomposed  by  heating  with  potash-lime,  in  such  a  manner  as  to  yield 
stearic,  palmitic,  myristie,  lauric,  and  but^c  acids.     (Scharling,  Ann.  Ch.  Pharm. 
zcvi.  236;  Heintz,  Ann.  Ch.  Pharm.  xcviL  271.) 

Preparation, — 1.  From  Bay-fat,  Laurostearin  fi^m  commercial  oil  of  bay  (p.  476) 
IS  saponified  with  potash-ley;  the  soap  is  separated  by  common  salt,  and  its  hot  aqueous 
solution  is  decomposed  with  tartaric  acid.  The  lauric  acid  then  rises  to  the  suiface  in 
the  form  of  an  oil  which  solidifies  on  cooling,  and  is  freed  from  adhering  tartaric  acid 
by  repeated  fusion  with  water.    (M  a  r s  s  o  n. ) 

2.  From  Pichurim  6<^an».— Laurostearin  from  Faba  pichurim  maj.  is  saponified 
with  potash-ley  till  a  clear  soap-jelly  is  formed ;  common  salt  is  added,  and  the  white, 
brittle  soda-soap  thus  produced  is  dissolved  in  boiling  water,  and  supersaturated  at 
the  boiling  heat  with  hydrochloric  acid ;  lauric  acid  then  rises  to  the  surfiice  as  a 
colourless  oil,  which  on  cooling  solidifies  to  a  white  crystalline  mass.  It  is  freed  from 
hydrochloric  acid  by  repeated  washing  with  water,  and  purified  by  repeated  crystalli- 
sation frt>m  weak  alcohol.     (Sthamer.) 

8.  FroM  Cocoa-nut  oil, — Tho  oil  is  saponified  with  weak   polash-loy;    the   soap 
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decomposed  'by  dilate  sulphuric  acid,  and  the  miztore  distilled  as  loi^  as  fattj  irida 
pass  OTer,  the  water  being  repeatedly  poured  back.  The  distillate  neutralised  vith 
potash,  solidifies  on  evaporation  to  a  gelatinons  soap,  which  is  separated  by  rai&ia^« 
salt,  repeatedly  dissolved  in  potash  and  again  separated  with  salt,  to  five  it  frota  the 
fatty  acids  wfalch  tan  be  thus  removed,  and  again  decomposed  with  dilute  subfaarit 
add.  It  is  then  neutralised  with  ammonia ;  the  solution  precipitated  by  chlondf  o( 
barium ;  the  liquid  strained  off;  and  the  barium^salts  which  remain  rppeat^j  briM 
with  water.  The  resulting  solutions,  as  they  run  from  the  funnel,  immediately  dfpo»it 
loose  flocks  of  laurate  of  barium,  and  the  liquid,  as  it  cools  down,  becomes  turbid  ad 
deposits  pulTerulent  cajprate  of  barium.     (G  or  gey;  see  also  Prep.  5.) 

4.  From  Spermaceti. — The  saponification  of  this  substance  yields,  besides  ^tbil, 
considerable  quantities  of  stearic,  palmitic,  and  myristic  acids,  and  smaller  quaafitki 
of  lauric  add. — The  solution  of  10  lbs.  of  purified  spermaceti  in  30  lbs.  alec^  » 
boiled  for  some  time  with  4|  lbs.  caustic  potash  previously  dissolved  in  alcohol ;  tk 
solution  precipitated  with  aqueous  chloride  of  barium,  and  strained  while  hot;  Um 
still  warm  residue  pressed  as  strongly  as  possible  in  a  warmed  press,  thea  sAl 
mdstened  with  alcohol  and  again  pressed;  the  alcohol  distilled  off  from  the  sdurieu; 
the  residue  freed  from  the  whole  of  the  soluble  matter  by  repeated  treatment  with  eti^; 
and  the  portion  insoluble  in  ether  added  to  the  barium-salts  previously  obtaiofd.  fa 
this  manner  are  obtained,  on  the  one  hand,  crude  ethal ;  on  the  other,  Uie  baziuai-tthi 
of  the  fatty  adds  of  spermaceti 

The  biuium-salta  suspended  in  water  are  boiled  with  very  dilute  hydrochlortf 
acid,  till  the  supernatant  oily  layer  appears  perfectly  clear ;  the  fatty  acids  t)x^ 
obtained  are  dissolved  in  alcohol ;  the  solution  is  left  to  cool ;  and  the  crystals  whoA 
separate  are  pressed,  first  alone,  then  several  times  after  being  moist^ied  vitfa 
alcohol ;  whereby  a  mixture  of  palmitic  and  stearic  acids  is  separated,  vhiie  % 
portion  of  these  two  adds,  and  the  whole  of  the  myristic  and  lauric  adds,  remaiB  in 
solution. 

The  whole  of  the  mixed  alcoholic  solutions  are  heated;  a  concentrated  aqirMs 
^  solution  of  acetate  of  ma^esiura  is  added,  so  as  to  precipitate  about  ^  of  the  qnasttf; 
'  of  fatty  adds  present ;  the  precipitate  which  forms  on  cooling  is  separated  by  flitra- 
tion ;  acetate  of  magnesium  added  to  the  filtrate  in  about  the  same  quantity  ss  hfixt, 
and  the  same  treatment  repeated  (the  liberated  acetic  acid  being  neutrali^  tovan^ 
the  end  with  ammonia),  tUl  acetate  of  magnesium  no  longer  forms  any  pnvipi- 
tate  even  in  presence  of  excess  of  ammonia.  In  this  manner  a  number  of  nucTi^ 
sium-salts  (19)  are  obtained,  fh)m  which  stearic,  palmitic,  and  myristic  ukls 
may  be  sepiiiated  by  processes  to  be  hereafter  described  in  connection  with  that 
adds. 

The  alcoholic  solution,  from  which  everything  predpitable  by  acetate  of  magoeniB 
in  presence  of  excess  of  ammonia  has  been  Uius  removed,  still  retains  lauric  vii, 
together  with  myristic  and  oleic  acids.  It  is  precipitated  with  acetate  of  lead;  tfe 
predpitate  is  washed  with  dilute  alcohol,  dried,  and  freed  from  a  small  quantity  of  olaU 
of  lead,  by  treatment  with  ether;  and  the  undissolved  portion  is  decompowd  hj 
prolonged  and  repeated  boiling  with  veiy  dilute  hydrochlonc  acid,  whereby  a  mixtnw 
of  adSa  melting  at  397®  is  separated.  By  repeatedly  crystallising  this  mixture  torn 
alcohol,  as  long  as  the  separated  add  exhibits  a  rise  of  melting  point,  lauric  srii  is 
ultimately  obtained,  meltmg  at  43*6°,  and  not  capable  of  further  decompoidrion  ^ 
partial  precipitation  with  acetate  of  barium,  while  myristic  add  remaitis  m  solcti^ 
(Heintz.) 

6.  From  spermaceti  or  other  fats  containing  lauric  add,  provided  they  are  frw 
from  oleic  acid,  or  this  add  has  been  removed  by  the  process  to  be  described  beJor.— 
The  taJt  is  saponified  with  alcoholic  potash ;  the  fatty  acids  are  separated  from  (iie 
ethal  or  the  glycerin,  as  above  described,  and  dissolved  in  10  pts.  of  hot  alcohol;  ti* 
solution  is  left  to  cool  slowly  in  a  cdlar ;  and  the  fatty  acids  which  crystallise  ont  in 
separated  by  filtration  and  pressure.  The  mother-liquor  is  diluted  with  an  eqe*! 
quantity  of  boiling  alcohol  and  supersaturated  with  ammonia ;  acetate  of  mt^<«ta 
i»  added  in  excess  to  remove  a  certain  portion  of  the  fatty  adds ;  the  alcohol  distilW 
off  from  the  filtrate ;  the  remaining  salts  decomposed  by  boiling  with  dilate  brdpo- 
chloric  acid ;  the  separated  acids  re-dissolved  in  a  quantity  of  hot  alcohol  suffici^T  fo 
retain  them  in  solution  after  cooling ;  and  a  concentrated  solution  of  acetsie  d 
barium  equal  to  about  -j^  of  the  weight  of  the  fatty  adds,  is  repeatedly  added,  ta  Iwa? 
as  a  precipitate  is  thereby  formed  on  cooling.  The  precipitates  last  obtained  ^^ 
contain  chiefly  lauric  acid,  are  separately  decomposed  by  boiling  dilute  hydmcUiinf 
acid,  and  each  portion  of  acid  theroby  liberated,  whose  melting  point  lies  alovr  U"< 
is  separately  and  repeatedly  crystallised  from  dilute  alcohol  till  its  melting  point  Im 
risen  to  43*6.     (Heintz.) 
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If  the  fill  contains  oleic  acid,  it  is  saponified,  the  fiitt^  add  is  separated  and  mixed 
w^Ith  a  small  quantity  of  hot  alcohol,  and  the  solid  portions  are  removed  by  submitting 
the  cooled  mass  to  prepare  The  mother-liquor  (tognt her  with  the  alcohol  used  for  wash- 
ing  the  separated  acids)  is  precipitated  with  ammonia  and  neutral  acetate  of  lead ;  the 
crashed  and  dried  lead^salts  are  completely  freed  from  oleate  of  lead  bv  means  of 
ether;  the  undissolTed  portion  is  decomposed  by  boiling  hprdrochloric  acid;  and  the 
separated  fatty  acids  are  treated  as  above  (H  ein  tz).  In  this  manner,  pure  lauric  acid 
is  easily  obtained  from  cocoa-nut  oil  (which,  according  to  Oudemans,  does  not  contain 
oleic  acid).  If  the  acids  dissolved  in  alcohol  be  precipitated  in  small  portions  with 
BcetAte  of  barium,  the  first  portions  contain  palmitic  and  myristic  acids ;  and  from  the 
remaining  liquid,  lauric  add  may  be  obtained  by  repeated  fractional  predpitation,  or 
by  orystallisation  in  the  cold.     (Oudemans.) 

Prf>^.  rties.  —Lauric  add  solidifies  after  fusion  to  a  scaly  Gnrstalline  mass,  exhibiting 
a  laminated  texture  on  the  fractured  surface;  from  alcohol,  in  white,  silky  needles, 
unit<Mi  in  tufts,  or  in  prickly  glanduUir  scales.  It  melts  to  a  colourless  oU  at  43-6® 
(Hrintz),  42°-43'=>  (Marsson,  Gorgey),  43°  (Sthamer^  46°  rMuller),  438° 
(^^oblippe),  43*5  (Oudemans).  The  alcoholic  solution  has  a  slight  add  reaction. 
SjHH'ific  gravity  0883  at  20°  (0  or  gey).  When  boiled  with  water  it  voktiUses  with 
the  vapour.     (Gorgey,  Oudemans.) 

It  is  insoluble  in  water ^  but  dissolves  easily  in  alcohol  and  in  ether. 

By  the  distillation  of  its  caldum-salt,  lauric  add  is  resolved  into  lanzostearone  and 
c:irbonate  of  caldum.    (Overbeck): 

2C«H«*0«     -     CPH^  +   C0«  +   IPO. 

ZiMumtes.  Lauric  add  is  monobado,  the  general  formula  of  ita  ealts  being 
MC'"H*'0«,  and  M^C'H^O')*. 

The  barium-salt,  Ba''(C*=H»0^«,  is  prepared  as  above  described  (p.  474),  and  cry- 
stallises on  cooling  from  a  boiling  saturated  aqueous  solution  in  snow-white  flakes. 
The  saturated  alcoholie  solution  becomes  filled,  on  cooling,  with  delicate  crystalline 
spangles,  which,  after  drying  at  100°,  resemble  caprate  of  barium  (Oorgey).  It  is 
vett^  by  alcohol  and  ether,  but  not  by  water  (Oorgey).  Dissolves  in  10,864  pts.  of 
water  at  17*6°,  in  1982  pts.  boilinfr  waler^  in  1,468  pts.  cold  and  211  pts.  hot  alcohol 
(Gorgey).    Decomposes  before  melting.    (Heintz.) 

The  calcium-salt  is  a  white  predpitate,  obtained  by  mixing  the  solutions  of  lauxato 
y{  sodium  and  chloride  of  calcium. 

The  i«<i-so^,Pb*'(C"H"0*)',  forms  a  snow-whit^B,  loose,  amorphous  powder  (H  ei  ntz) ; 
t%fn»"«*,  having  a  beautiful  nacreous  lustre  (Muller^  It  melts  oetween  110°  and 
120**,  and  soi^fies  to  a  dull,  amoiphons  mass  (Heintz);  melts  below  100°  to  a 
colourless  liquid,  which  solidifies  in  the  ctystaHine  form  on  cooling  (Muller).  It  is 
insoluble  in  waUr;  insoluble  in  cold,  sparingly  soluble  in  boiling  alcohol,    (Itt tiller.) 

The  copper-salt,  Cu''(C'*H*H)')',  is  obtained  by  predpitating  the  hot  alcoholic  solution 
of  the  aqueous  sodium-salt  with  aqueous  sulphate  of  copper. 

The  stlver^salt,  AgC"H"0*,  obtained  by  predpitating  the  solution  of  the  sodium- 
•alt  in  weak  alcohol  with  nitrate  of  silver,  is  a  white  powder,  consisting  of  slender 
microeoopic  needles  (Heintz).  It  dissolves  easily  in  ammonia,  and  crystallises  from 
Um  hot  concentrated  solution  in  very  small  needles  (Marsson).  It  is  scarcely  or  not 
mX  all  altered  by  light,  but  decomposes  before  fusion  when  heated.    (Heintz.) 

The  sodium^salt,  NaC"H**0*,  prepared  by  nearly  satumting  a  boiling  solution  of 
pore  carbonate  of  sodium  with  lauric  add,  evaporating  over  the  water-bath,  dissolving 
the  remaining  soap  in  alcohol,  and  evaporating  the  filtrate  to  dryness,  forms  a  white 
powder,  whose  alcoholic  solution  solidifies  on  cooling  to  a  white  opaque  jelly.  The 
aqueous  solution  becomes  turbid  when  largely  diluted  with  water. 

^AUBZO  STBSSS.  Laurate  of  Ethyl,  C^^^^CH*,  is  prepared  by  passing 
hydrochloric  add  gas  into  an  alcoholic  solution  of  lauric  add,  adding  water,  which 
separates  the  ether,  washing  first  with  alkaline,  then  with  pure  water,  and  drying  over 
chloride  of  caldunu  It  is  a  colourless  oil,  having  a  fruity  odour  and  sickly  taste. 
Spedfic  gravity  0*86  at  20°  (Gorgey).  Crystallises  at  10°.  Boils  at  269°,  when  the 
barometer  stands  at  750  mm.  (Delffs);  at  264°,  with  partial  decomposition. 
(Oorgey.) 

Vapournlenrity  by  experiment  8*4 ;  by  calculation  (2  vol)  —  7*9. 

rLaurostearin.  C*^*»0*  [or  rather,  perhaps,  C*^*H>» 


Laurate  of  Glyceryl,oT 


fiitty  body  is  found  in  the  berries  of  the  sweet  bay-tree 

{iMurus  nohilis)  (Marsson);  also  in  cocoa-nut  oil  (G  o  r  g  e  y),  and  in  pichurim  beans. 
(Stharaer.) 

Preparation,—!.  From  the  berries  of  the  Bay-tree.^Theae  berries  are  treated  with 
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Compontion  of  Bay-berrift. 

Perlciup.       Kernit].     Entire  Seed. 

Wat#r 47*417       89-639       42-216 

Stareh 87*827       21*929 

Lignxn 32*860         7*783       20*626 

OiTof  kernels 6976         3*377 

Oil  from  pericaip 4*724  .    .  1*660 

Ht^^aroUnrin 0*210  .    .  0*068 

St«aroUrareCin 0*180         0*008 

Pectin  or  Pectie  add 2*772  .    .  0*888 

Renin 2*064  .    .  0*663 

Phaeomn  or  Phseosic  add        ....      8*818         6*686         6*341 

Lanrin 1*428         0*863 

Uncrystallisable  sugar 4*301  1*003         2080 

Lauretin 0*120         0*009 

Lanreticadd 0*660         0360         0*403 

Albuminous  matter 0*200         0*110         0*320 

Colouring  matter 1*619  .    .  0*488 

Volatile  oil 0*006         trace  trace 

100*120      100*010      100*729 
Laurtiic  acid  was  obtained  by  treating  the  pencarp  with  water,  precipitating  the 
pectin  with  alcohol,  evaporating  the  alcoholic  liquid,  dissolying  the  residue  in  water, 
predpitating  the  aoueous  solution  with  nitrate  of  lead,  and  decomposing  the  predpitate 
with  sulphydric  aod. 

SUarolaurin  (?  identical  with  laurostearin)  is  the  solid  fat  which  gradually  separates 
at  10^  firom  the  warm-pressed  oil  of  the  pericarp. — PhaoHn  or  Pkaotie  acid  is  a  brown 
rabfitance  extracted  by  carbonate  of  sodium  from  the  pericarp,  exhausted  successively 
with  water,  alcohol,  and  ether. 
&AVA*    See  VoLCAinc  Products. 

XULWSraBBf  OZXi  or.  Lavender  {Lavandula  Spica^  L)  yields  a  yellowish 
volatile  oil.  having  a  strong  but  agreeable  odour,  and  an  acrid  aromatic  taste.  It 
reddens  litmus,  and  contains,  in  variable  proportions,  a  crystalline  substance  having  tlie 
composition  of  common  camphor  (Dumas).  The  liquid  portion  of  the  oil  appears  to 
be  mainly  composed  of  two  substances,  one  of  which  has  the  composition  of  oil  of 
turpentine.    (Gerhardt,  Traiti,  iv.  336.) 

XULWnuXJkW.  An  amorphous  mineral  from  Annaber^  in  Saxony,  iihlch 
tppean  to  be  an  arsenate  of  cobalt,  mixed  with  the  arsenates  of  nickel  and  copper.  It 
has  a  greasy  lustre,  inclining  to  vitreous.  Hardness  »  2*6  to  3.  Specific  gravity  « 
3*014.  Colour  lavender-blue.  Streak  paler  blue.  Translucent.  Practure  conchoi- 
daL  Melts  easily  before  the  blowpipe,  colouring  the  flame  blue,  and  becoming 
crystalline  on  oooUng.    (Breithaupt^  J.  pr.  Chem.  x.  606.) 

&ASV&XTa.  Arurite,  Arure^tone.  Blue  Spar,  Voraulite,  Kiaprothin. — A 
hydrated  phosphate  of  aluminium,  magnesium,  and  iron,  occurring  in  monodinic 
pyramids,  with  truncated  summits  and  several  secondary  faces.  The  indined  axes  make 
an  angle  of  88^  16' ;  and  the  prindpal  axes,  orthodiagonal  and  dinodiagonal,  are  to  one 
another  as  0  86904  :  1  :  10260.  Angle  ooP  :  ooP  -  Ol**  30';  oP  :  Poo  »  139<>  46'. 
Observed  faces,  +2Poo,  -2Poo,  -2P.  oP,  +2P,  -P,  and  othera.  Twin-crystals 
also  occur  with  face  of  composition  ocPoo .  Cleavage  lateral,  indistinct  The  mineral 
also  occnn  massive. 

Hardness  «  6  to  6.  Specific  gravity  «  8*067  (Fuchs);  3*067  to  3*121  (Prfifer); 
3*122  (Smith  and  Brush).  Lustre  vitreous.  Colour  azure-blue,  commonly  of  a  fine 
deep  blue  when  viewed  along  one  axis,  and  a  pale  greenish-blue  along  another. 

When  heated  in  a  tube,  it  gives  off  water  and  turns  white.  Before  the  blowpipe,  it 
colonn  the  flame  faint  green,  swells  up,  becomes  tumid,  but  does  not  mdt ;  gives  a 
fine  blue  colour  with  cobalt  solution. 

Jnal^ies. — a.  Light  blue  from  Krieglach  in  Styria:  mean  of  two  analyses  TRam- 
melsberg,  Mineralchemie^  p.  340). — b.  Light  blue  from  near  Werfen  in  Saltzburg 
^Fncba,  ^w.  J.  xxiv.  373). — e.  Dark  blue  from  the  Fischbach  Alp  in  Sbrria :  mean  of 
two  analyaas  (Bammelsberg,  Ik.  cit.). — d.  Dark  blue  from  Sinclair  County,  North 
Carolina  (Smith  and  Brush,  SUl  Am.  J.  [2]  xvi  366). 

P«0»  APO*  MgO  FeO  CaO  H«0 

a     44*16        3314         1262         1*77         1*63         688     -     100 
b.     42*70        36*60  9*64        2*70         .     .         6*19     -       97*63 

r.     42-/)8         32*89  9*27         811  1*11         6*04     »     100 

d.    43*76         31*70         lOOJ         817         .     .         6*69     -       99*26 
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exreed  8  or  4  ^^ralns  in  the  gallon.  The  oonosion  is  increased  by  the  presence  of 
chlorides  and  mtrateSf  bat  diminished  by  sulphates,  phosphates,  and  carbonates,  the  oxide 
of  lead  bein^  scarcely  soluble  in  water  containing  these  salts  in  solution.  Add  carbo- 
nate of  lime  IS  remarkable  for  its  preserratiye  inflaence ;  and  in  consequence  of  the  pre- 
fcenoe  of  this  salt  in  most  spring  waters,  they  do  not  act  on  lead  to  any  serious  extent, 
a  film  of  carbonate  of  lead  being  deposited  on  the  surface  of  the  metal,  and  protecting 
it  from  further  action. 

The  action  of  toaUr  on  lead  is  very  important  in  a  sanitary  point  of  view,  as  this 
metal  ib  so  constantly  employed  in  making  cisterns,  pipes,  &c  for  domestic  purpos*^. 
Rain-water  from  the  roofs  of  nouses,  especi^y  in  towns,  is  sufficiently  impure  to  prereut 
its  action  on  the  metal  The  most  insoluble  salt  of  lead  is  the  hprdrated  oxyearbonhte 
(p.  478)  which  is  only  soluble  to  the  extent  of  about  1  pt  in  4  milhons  or  one-hixtietb  of 
a  grain  per  gallon  of  water.  When  a  solution  of  lead  is  exposed  to  the  air,  silky  crystals 
of  this  nydrated  oxycarbonate  are  formed,  and  in  a  few  hours  the  water  does  not  con- 
tain more  than  ^^  ■  of  lead  in  solution.  Wat«r,  however,  which  contains  mneh 
carlionic  acid  in  solution,  is  Teiy  dan^rous,  as  it  dissolves  the  carbonate  of  lead.  When 
such  water  is  boiled,  the  carbonic  acid  escapes,  and  the  carbonate  is  deposited.  Water 
has  generally  so  much  action  on  lead,  that  slate  dstems  are  much  safer  than  those 
made  with  lead. 

The  non-oxidmng  adds  do  not  act  upon  lead,  except  when  in  contact  with  the  air, 
as  already  explained  in  the  case  of  carbonic  acid.  Hitric  acid  easily  acts  on  lead,  even 
in  the  cold,  forming  protoxide,  which  is  then  dissolved.  Strong  sulphuric  add  converts 
the  lead  into  sulphate,  when  the  acid  is  heated  to  the  boiling  point.  Hydrochloric  add 
has  little  or  no  action,  but  a(|ua  regia  converts  the  lead  into  chloride.  When  arsenic 
or  arsenious  add  is  heated  with  lead,  aisenite  and  araenide  of  the  metal  are  formed. 

Lead  is  readily  oxidised  by  euprie  oxide,  which  is  at  the  same  time  reduced  to  the 
state  of  cuprous  oxide :  it  also  partially  reduces  the  cuprous  oxide,  but  the  oxide  of 
lead  which  is  formed  retains  a  portion  oif  the  oxide  of  copper  in  combination  and  pre- 
vents any  further  action  on  the  metallic  lead. 

Sitre  acts  raoidly  on  lead  at  a  high  temnerature,  forming  a  fusible  compound  of 
protoxide  of  lead  and  potash.  The  aad  smiphates  also  oxid£e  this  metal ;  but  the 
neutral  sulphates  and  the  alkaline  carbonates  have  no  action. 

Sulphur,  selenium^  phosphorus,  and  arsenic  combine  directly  with  lead. 

Lead  also  alloys  with  most  of  the  fnetals ;  but  only  imperfectly  with  copp^,  titanium, 
nranium,  oaiium,  cobalt,  nickel,  and  iron. 

£xTBA.CTioir  OF  Lbad. 

SlstoHoAl  Votloes.  The  most  abundant  and  valuable  ores  of  lead  possess  sa 
many  properties  likely  to  attract  the  attention  of  uncivilised  nations,  that  it  is  nut 
surprising  to  find  early  mention  of  this  metal  Some  authorities  think  that  allusion 
ia  made  to  its  metallurgy  in  the  Hebrew  word  opher,  in  reference  to  the  powder  pro- 
duced by  the  formation  of  the  oxide  on  molten  lead*  The  earliest  mention  of  lead  is 
in  the  well-known  pastMge  in  the  Book  of  Job ;  and  it  is  again  named  as  one  of  tho 
spoils  taken  from  tne  Midianites  in  the  Book  of  Numbers.  It  is  also  probable  thnt 
galena  was  used  as  a  glaze  for  earthenware  in  the  time  of  Solomon,  from  the  notice  in 
I^verbs  xxvi  It  was  also  one  of  the  articles  in  which  Uie  Phoenicians  traded,  and 
which  they  may  have  obtained,  in  part  at  least,  from  this  country.  It  was  used  in  the 
hanging  ^rdens  of  Babylon,  the  level  of  each  terrace  being  covered  with  sheets  of  solid 
lead. 

The  Romans  also  worked  the  ores  of  this  metal  both  in  Spain  and  in  this  count rj-. 
In  the  former  country,  the  extent  of  the  Carthaginian  mining  and  smelting  opemtions 
excite  our  surprise  in  the  present  day,  and  the  slags  left  by  them  have  been  re-smf  Itcd 
on  a  large  scale  within  the  last  twenty  years,  while  lead  cast  in  Roman  moulds — pigs, 
in  fact,  of  the  age  of  Hadrian  and  other  emperors — have  been  found  in  FKntdhire, 
Yorkuhire,  and  other  localities. 

The  methods  of  obtaining  the  lead  from  its  ores  hiivenot  undergone  any  preat  change, 
the  smelters  having  adopted  the  reverberatory  or  blast  furnace  as  they  found  the  one 
or  the  other  more  suited  to  the  character  of  the  ores  of  each  locality.  The  one  great 
improvement  in  the  metallurgic  treatment  of  this  metal  is  Pattinson's  desilverising  plan, 
wiiich  has  been  followed  bv  the  softening  process  for  the  hard  leads  of  commerce,  es- 
p(H>iaIly  those  of  Spain;  and  we  may  remark  that  the  only  other  addition  to  the  ancient 
methods  has  been  the  condensation  of  the  lead  fume. 

Tlia  Oraa  of  Xiemd.  Lead  is  seldom  found  native,  but  there  are  upwards  of 
twenty  ores  of  this  metal  known  to  the  mineralogist.  Those  of  practical  importance^ 
however,  are  very  few  in  number,  and  all  the  lead  of  commerce  may  be  said  to  be 
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The  fompodtioii  of  this  mioeiml  is  giTen  in  tba  foUowing  anfcl jset : 


Locmlity  . 

Jngkttif, 

WmmloekAead, 

ZtOnfM^Hmns. 

AnftljBt  . 

KUproth. 

8tro  iii«]r  er. 

Oxide  of  lend 
Oxideofiron. 

Water    .... 
Solpharie  add       .       . 

71-0 
1-0 

'20 
24-8 

70-60 

*2-25 
26-76 

72-46 
009 
0-06 
0-61 

2609 

98*8 

98*50 

99*21 

Sulphate  of  lead  also  oocnn  combined  with  other  salta,  in  the  form  of  Linarite,  CaU- 
doniU,  LeadkOUU. 


PkptpkaUqfLeadfCrPjffomarpkite,  oocBon  generally  at  the  iq)per  parts  of  lodea,  leas 
lajers,  and  also  nmially  associated  with  other  ores  of  lead, 
three  clnsses  of  this 


lead.    There  are 


frequently  in  layers,  and  also  nsnally  associated  with  other  ores 

MS  of  this  ore,  vis.  snoh  as  contain  only  phosphoric  acid ;  secondly,  those 
eootaining  both  phosphoiie  and  araenic  adds ;  and  lastly,  those  containing  Ume  and 
fluorine. 

The  composition  of  some  of  the  ores  of  the  first  class,  is  given  in  the  fbllowing  Table : 


Locafity  . 

LemdkaOt, 

Xnuuberg, 

Brre^. 

Analyst. 

Wohl«r. 

K«rtC«n. 

8«ndberter. 

8traT& 

Chlorine 

Lead      .        .        . 
Oxide  of  lead. 
Pboephoric  add      . 
Oxides  of  iron  mod} 
chromiom         .  ( 

2*62 

7*89 

74*60 

16-69 

2*63 

7*66 

74-16 

1676 

•     • 

2*67 

7*80 

73-22 

15-94 

2-64 

7-40 

73*36 

16-82 

0-59 

100*00 

10000 

99-63 

99-71 

This  ore  is  fonnd  at  Leadhills^  and  in  Cornwall;  at  Widdow  in  Ireland;  at 
Phonixrille,  in  the  United  States ;  and  man^  other  localities. 

Arsenate  of  Lead  or  Mimttente  is  met  with  in  huge  quantities  at  DiygUl,  in  Cnm- 
berland,  and  has  been  used  in  the  manufiicture  of  flint  gfass,  to  whidi  it  imparts  great 
brilliancy.  It  is  fonnd  at  Redruth  and  other  Comish  mines ;  at  Beeralston  in  Devon- 
shire, and  in  America,  Siberia,  fte,  generally  occurring  near  the  outoop  of  the  veins. 
There  are  three  classes  of  it,  similar  to  those  of  the  previous  ore.  The  following  is 
the  eompodtion  of  a  spedmen  of  the  ore  which  contains  anenie  add,  analysed  by 
Becgemann: 

From  Bkztca,  Mesioo. 

Oxide  of  lead 74*96 

Arsenic  add ^    ^3*06 

Chlorine 2*44 

100*46 
The  other  ores  of  lead  will  be  found  described  in  these  vohimes  under  their  respec- 
tive mineralogieal  designations. 

»ffef  nnTglcal  Twmtamalt  of  tlie  Ores  of  lie^d.  The  difierences  in  the 
nature  of  the  ores  of  lead,  the  peculiarities  of  the  localities  as  to  labour,  fhel,  &C.,  and 
the  application  of  the  lead  afterwards,  have  all  tended  to  modifv  the  metallnigy  of  this 
Taluable  metaL  It  would  have  been  more  satisfactory  to  have  described  all  the 
diflSBrent  plans  in  detail ;  but  as  this  would  be  inconsistent  with  the  limited  space  which 
ean  be  demoted  to  a  met«lluigical  subject  in  these  volumes,  we  must  confine  this  article 
to  an  account  of  some  of  the  methods  adopted  for  extractinff  lead  from  its  ores. 
Various  arrangements  might  also  be  pursued  in  this  account  of  the  smdting  of  lead 
ens,  but  we  {vefer  the  foUowing^  in  which  we  will  describe^I.  Reduction  of  the  Ores. 
n.  Refining  of  the  Lead.  IIL  Softening  of  Hard  Lead.  lY.  Smelting  of  the  Slags 
and  other  JProdvcta.    V.  Condensation  of  the  Lead  Fume. 

I.  B«4iiotloB  of  &emd  Ores. 

An  the  ores  of  lead  may  be  arranged  in  two  classes  in  respect  to  their  metallurgical 
treatment,  vis.  the  sulphur  and  oxy^  compounds  of  lead,  and  again  as  to  the  form 
of  ftimaoee  employed  in  their  reduction,  viz.  the  reverberatory  and  the  bUwt.  fumaee. 

Vou  UL  1  I 
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There  M©  three  working  doors  on  each  eido  of  the  fbrnace,  attended  by  two  men, 
who  anist  each  other  in  manipulating  the  charge.  The  lead  collects  at  the  lowest 
part  of  the  hearth,  covered  bj  the  8la0,  j^^  59O, 

and  is  drawn  off  bj  a  iap^hoU  into  the 
metal  pot,  f,  in  front  of  the  fdmace. 

The  arch  falls  rather  rapidhr  towards 
the  fines,  gg^  to  give  more  mee^  to  the 
he«t,  and  the  draught  is  capable  of  re- 
gulation by  means  of  dampers. 

The  usual  charge  of  ore  in  these  fVir- 
naces  at  Holywell  weighs  20  cwt.,  which 
is  introduced  through  a  hopper,  A,  in  the 
arch  of  the  fbrnaccL  This  cnarge  is  then 
spread  evenly  over  the  surface  of  the 
e«rth,  and  gently  heated  for  two  hours, 
the  doors  being  closed  and  the  damper 
lowered. 

The  two  front  doors,  farthest  from  the 
fire,  being  opened,  the  smelter  throws  in 

the  shigs  swimming  on  the  surfiice  of  the  lead  in  the  pot,  v  from  the  previous  operation. 
The  tap-hole  is  opened  in  a  little  time  to  allow  the  metallic  lead  to  run  off  from  the 
slags,  and  at  the  same  time,  an  assistant  turns  over  the  ore,  through  the  back  doors, 
by  means  of  a  paddle.  These  doors  are  now  dosed,  while  the  front  ones  are  open, 
through  which  some  small  coal  is  thrown  in  upon  the  lead-bath,  and  the  whole  is 
worked  up  together,  the  ore  being  turned  over  with  a  paddle.  The  smelter,  in  about 
three-quarters  of  an  hour  from  the  commencement,  throws  back  upon  the  sole  of  the 
hearth,  the  fresh  slaes,  which  then  float  upon  the  bath,  and  are  mixed  with  the 
coaly  matter.  These  uags  and  the  ore  are  then  turned  over  with  the  paddle,  and  all 
the  doors  are  dosed. 

The  ore  is  turned  over  again  through  the  back  doors,  and  the  first  lead  appears, 
obtained  from  the  slag  last  remelted.  This  lead  is  run  off  by  the  tap,  and  both  work- 
men then  turn  over  the  ore,  through  all  the  doom.  The  smelter  now  closes  all  the 
bQXkt  doors  except  that  next  the  fire-bridge,  and  lifts  off  the  fresh  slags  from  the  lead 
pot,  drains  them,  and  throws  them  back  into  the  furnace.  The  interior  of  the  furnace, 
at  this  period,  has  a  dull  red  heat 

The  lead  begins  to  separate  from  the  ore  in  about  IJ  hour  from  the  charging  of  the 
furnace,  and  the  two  workmen  again  turn  over  the  ore  from  each  side  of  the  furnace. 
Some  coal  is  thrown  on  the  grates,  slightly  to  raise  the  heat,  the  ore  is  turned  over, 
and  all  the  doors  are  closed. 

The  first  fire  or  roasting  lasts  about  two  hours,  and  the  damper  is  then  raised  a 
little ;  coal  is  thrown  on  the  grates  to  ffive  the  second  fire^  which  lasts  25  minutes. 
The  heat  of  the  furnace  has  now  become  bnght  red,  and  the  lead  fiows  from  all  sides  to 
the  bath.  The  smelter  then  pushes  the  slags  back  towards  the  upper  part  of  the  hearth, 
while  the  assistant  spreads  them  over  its  surface,  through  the  Imck  doors.  The  smelter 
now  throws  in  a  few  shovdfuls  of  quicklime  upon  the  lead-bath,  through  the  middle  door. 
The  assistant  worics  the  ore  and  slaes  through  the  three  back  doors,  spreading  them 
out,  while  the  smelter  again  pushes  the  slags  from  the  inner  bath  to  the  upper  part  of 
the  sole.  The  doors  are  left  open  for  a  short  time,  and  the  lead  fiows  down  into  the 
basin  from  the  slags  with  which  it  was  mixed  as  they  were  pushed  back. 

The  workmen  in  a  short  time  again  turn  over  the  ore  ana  slags,  and  in  three  hours 
iSrom  the  commencement,  a  little  more  fuel  is  thrown  on  the  grate.  In  ten  minutes, 
fresh  fuel  is  added  for  the  third  fire^  the  damper  is  fully  raised,  all  the  doors  are  again 
dosed,  and  the  furnace  is  left  in  this  state  for  three-quarters  of  an  hour.  At  the  expi- 
ration of  about  four  hours,  all  the  doors  beine  opened,  the  assistant  levels  the  surface 
to  facilitate  the  separation  of  any  lead,  and  then  spreads  the  slags  which  are  pushed 
back  towards  him  by  the  smelter,  who  now  throws  in  more  lime  to  render  the  slags 
less  fluid  and  to  cover  the  lead-bath. 

The  smdter  adds  a  fresh  charge  of  fud  in  about  ten  minutes  after  the  completion  of 
the  third  fire,  and  doses  the  doors  to  give  ihe  fourth  Jire.  This  fire  is  finished  in  four 
hours  and  forty  minutes,  when  the  doors  are  opened,  the  tap-hole  is  pierced  to  allow 
the  lead  to  fiow  into  the  pot  outside,  and  some  lime  is  thrown  upon  the  slags  in  the 
inner  bath.  The  smdter  then  pushes  these  dried  dags  towards  the  upper  part  of  the 
hearth,  whence  the  assistant  rakes  them  out  of  the  furnace  through  the  back  doors. 

We  have  given  this  detailed  account  of  the  working  of  a  charge  from  Mr.  Phillips' 
excellent  description  of  the  process  followed  in  Wales,  as  an  illustration  of  the  nature 
of  these  operationB,  and  to  avoid  the  necessity  of  similar  minute  details  in  other  auaU>- 
gims  processes. 
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As  the  air  bas  a  tendentnr  to  ascend  roand  the  sides  of  the  ftumaoe,  the  smelter  throws 
his  charses  against  the  vulls,  and  keeps  the  air-channels  as  far  as  possible  open  to  the 
ct^ntre  of  the  furnace.  When  the  fbniace  becomes  gobbed  in  anj  part,  one  or  more  of 
the  register-holes  are  opened  to  enable  the  smelter  to  remove  the  obetractLon. 

The  lead  is  tapped  evezy  six  hoius,  and  the  matt  is  returned  to  the  fdmace.  The 
produce  varies  finun  6  to  7  cwt  of  lead  upwards,  according  to  the  richness  of  the  ore. 

We  have  described  this  furnace  at  some  length,  as  it  is  cheaply  built,  lasts  about  6 
to  8  weeks,  and  can  be  used  in  localities  where  more  perfect  plans  would  be  impracti- 
cable. 

2.  Tn  BxDUcnoif  of  Ijud  Orbs  or  Blast  Fuswagbs. 

The  ores  generally  smelted  in  blast  furnaces  are  such  as,  trom.  the  proportion  of 
their  impurities,  are  not  adapted  to  the  reverberatory  furnace ;  but  this  remark  does  not 
apply  to  the  peculiar  form  of  blast  furnace  known  under  the  name  of  the  ore-hearth,  as 
used  in  America  and  this  country  (p.  497). 

a.  The  Cupola  or  Blast  Furnace, 

This  form  of  furnace  is  veiy  generally  adopted  on  the  Continent,  and  exhibits  at 
different  works  a  greet  VMriety  of  form  and  dimensions.  The  great  differenoe  in  the 
ores,  the  fluxes  available  and  the  nature  of  the  fuel,  are  all  so  many  conditions  which 
require  special  modifications  to  overcome  the  difficulties  peculiar  to  each  locality. 

We  wiU  select,  as  illustrations  of  this  mode  of  smelting,  three  of  the  modifications  in 
which  the  ore  is  used  in  the  raw  and  roasted  form,  and  in  both  states. 

SUesian  Fumacr. —  The  form  and  con-  J^.  601. 

^tru<*tion  of  this  furnace  are  represented  in 
/".  601.  The  wallM,  a  a,  are  vertical  fh)m 
tlie  tuyere  upward ;  for  a  distance  of  10  feet  4 
inches  to  6  ^t,  the  section  of  the  furnace  is 
rectangular,  while  abore  this  point  it  takes 
a  circular  form.  The  exterior  wall,  c  c,  is 
built  of  common  bricks,  and  the  lining  or 
shirt,  a,  is  constructed  of  fire-bricks.  The 
charge  of  raw  ore  and  flux  is  mixed  on  the 
floor,  E,  and  thrown  into  the  fbmace  through 
the  opening  /.  The  blast  enters  at  t,  and 
fusion  takes  place,  during  which  the  hearth, 
k,  is  gradually  filled  with  the  lead  produced. 
The  suig  floats  on  the  sur&ce  of  the  lead,  and 
is  drawn  offat  c,  while  the  lead  is  occasionally 
tapped  through  a  canal  which  passes  to  the 
bottom  of  the  hearth.  The  tame  is  carried 
away  from  the  top  of  the  finmace  through  a 
series  of  condensing  chambers.  These  furnaces 
can  only  be  worked  for  about  eight  days,  when 
the  operation  is  stopped  to  repair  the  lining. 

The  lit  de  fusion  consists  c^ : 
Galena  in  small  pieces     .        .100  parts. 
Cast  iron  .         .         .        .     12     „ 

Slag  from  iron  forge         .        .     14     , 

Each  ton  of  this  charge  requires  a  ton  nf 
coal,  which  is  thrown  agunst  the  front,  and 
the  ore,  4^  against  the  back  of  the  finmaoe. 

When  the  slaff  contains  7  or  8  per  cent,  of 
lead  it  is  rcsmelted.  The  matt  or  regulus, 
consisting  of  sulphide  of  iron  and  lead,  with 
a  little  suver,  is  roasted  and  smelted  in  the 
samefhmaoe. 

Harts  Furnace. — This  plan  is  adopted  in 
the  Hartz,  France,  and  Belgium,  more  or  less 

modifled  according  to  the  circumstances  of  the  locality.  The  ore  is  always  submitted 
to  previous  roasting ;  and  when  this  operation  is  performed  in  a  reverberatory  furnace, 
the  heat  is  gradually  raised,  until  the  oxidation  is  sufficiently  advanced,  when  the  doors 
an>  doeed.  The  fire  is  then  urged  to  melt  the  mass  of  materials,  which  is  then  drawn, 
allowed  to  cool,  and  broken  up  into  pieces  fit  for  chaiging  the  blast  furnace. 

The  following  tables  contain  numerous  analyses  of  the  matt  and  slags  which  are 
obtained  fh>m  the  blast  furnaces  of  France  and  Germany. 
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This  roasted  ore  is  smdted  in  a  ftmaoe  eonstracted  as  shown  in>E^.  603.  The 
charge  is  prepared  on  the  floor,  g^  and  thrown  into  the  ftmaoe^  s,  through  the  opening 
c.  along  with  the  IbeL    A  strong  blast  is  driren  in  through  the  tajreze^  t 

^.603. 


The  chaige  oonsists  of 

Boasted  ore 36   cwt 

Hi^j  siliceous  sla^     .  10    „ 

Ozide  of  lead  and  pieces  old  cupels         •       \'-\   „ 

The  matt  is  repeatedly  roasted  and  resmelted  to  obtain  anj  copper,  lead  and 
ailrer,  it  may  contain. 

Bpanizk  Economic  Fumaoe.  The  discovery  of  enormous  deposits  of  slags  left  by 
the  Romans,  near  Cartagena  and  other  places  in  Spain,  together  with  the  mining  of 
a  poor  lead  ore  in  these  districts,  has  led,  within  the  last  15  or  20  yean,  to  a  very 
great  derelopment  of  lead  smelting  on  this  coast  Furnaces  of  dilTerent  descriptions 
were  tried,  one  after  another,  bat  they  hare  all  given  place  to  what  is  known  under 
the  above  namei 

This  furnace,  as  improved  by  the  writer,  is  represented  in  fya.  604,  606,  606,  in 
elevation,  section  and  plan.  The  blast  enters  through  three  water-tuyeres,  a  a  a,  and 
the  materials  are  maintained  up  to  the  level  of  the  charging  door,  b.  The  upper  layers 
are  kept  cool  by  a  fine  rain  of  water  from  a  rose,  c,  and  the  steam  which  is  formed 
asnjfts  in  condensing  the  fumes  which  escape  into  the  flue,  through  an  opening,  d,  in 
the  back  side  of  the  top  of  the  furnace.  The  upper  part  of  the  furnace  rests  upon 
four  metal  pillars,  ////  so  that  when  the  body  of  the  riimsce  requires  to  be  renewed, 
this  part  remains  untouched.  The  lead  accumulates  in  the  hearth,  g,  whence  it  is 
tapped,  from  time  to  time,  into  the  pot,  A,  to  be  ladled  into  moulds.  The  slag  runs 
continuously  into  a  tank,  t,  which  is  kept  supplied  with  a  stream  of  water.  The 
slag  in  this  case  fiEdls  into  a  coarse  sand,  which  is  eiisily  carted  away,  but  it  is  some- 
times run  into  small  waggons,  forming  large  blocks  on  cooling. 

The  furnace  is  circular,  with  a  diameter  of  from  2|  to  2^  feet,  and  built  of  fire- 
bricks moulded  to  suit  the  form  of  the  furnace.  The  Ixxiy  of^the  ftimace  is  only  one 
brick  thick,  and  when  any  portion  of  the  wall  gives  way,  the  hole  is  filled  liiith  clay, 
which  is  driven  into  the  interior,  while  the  smelter  lays  fresh  bricks  to  rebuild  the  wall. 

The  bottom  of  the  furnace  is  formed  in  Spain  of  a  kind  of  clay  which  in  found  to 
answer  remarkably  well,  but  in  this  country  a  mixture  of  pure  ground  coke  i  nd  fire« 
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Mnys,  which,  howeyer,  it  is  proper  to  say,  were  made  most  carefiillj  by  the  best 

nethods.    The  ooet  was  as  follows :  «-».,«« 

per  ton. 

1.  Wa^  connected  with  the  ftimaoe  :S124     19        «        8    6*1 

2.  En^ne  power:  wages  ^f  10    10    1 

1609cwtooals     .  12    11    6        23     1    7        «        0    7*5 
cwt. 

5.  Fluxes,  Flaor  spar     .        .  22^    9    15    0 

Carbonate  of  baiyta    14      1      2    6 

Chalk    .        .  .  209^    0  16     2 

Limestone     ,  .  260      3  13    0 

Bock-salt  .  144)    6  11     8 

Kelp      .        .  .      6      0  10    0 

Hematite  ore  .     26      0  18    9 

Metal  borings  .  790    79  16    0 

Mill  cinder    .  4673    40  18     3 

Grey  slags     .  .  704       1  16    9 

Pitdi     .        .  .6013 

Coal  ,  .    19      0      3    2  -  146    0    6         -         4    0*8 

4.  FwO-Coke        .        .  2667  .        .  47  16    1         -        138 

6.  Bepairs 33    1    0        .        0  109 

£374     0  11         «       10    3-6 
The  fidlowing  statement  contains  the  cost  of  smelting  the  Roman  ■i«gf  near  Carta- 
gena, in  Spain,  calculated  on  the  produce  of  lead: 

Cost  of  20  cwt  of  Lead. 
S60  quintals  at  8  per  cent  lead,  washed  up  to  24  per  cent 

*  120  quintals  for  smelting       ....    360  reals 


SO        „    of  coal  for  engine,  at  6  reds 
60        „    of  coke  for  smelting,  at  11  reals 

2  smelters,  at  8  reals      .... 

4  labourers,  at  6  reals    .... 

Wear  and  tear 

Management,  &c.  (ke 


180 
660 
16 
24 
60 
100 
1280  reals 
and  this  expense,  at  92  reals  per  £  sterling,  brings  the  cost  of  a  ton  of  lead  up  to 
£13  68.  ^d.  per  ton,  where  the  Boman  slags  are  obtained  free  of  chaige. 

We  beliere  this  form  of  tonace  is  admirably  adapted  for  many  of  our  poorer  ores  and 
materials  containing  lead,  and  that  it  well  deserves  the  attention  of  our  smelters, 
b.  The  Ore- hearth. 
This  method  of  reducing  can  only  be  appHed  to  the  purest  description  of  ores,  and  thf^ 
adTantage  which  it  possesses  over  the  reverberatory  furnace,  consists  chiefly  in  the 
greater  purity  of  the  lead  which  is  produced.  This,  however,  is  of  great  commercial 
importance,  as  such  lead  is  suitable  for  conversion  into  the  best  white  and  red  leads, 
and  in  consequence  brings  £1  per  ton  more  in  the  market  than  ordinary  soft  lead.  The 
ore  hearth  is  also  wo»ed  with  j^  ^  _ 

leas  consumption  of  fuel  and  a  ^'    "** 

smaller  outlay  in  labour.  The 
eostof  the  furnace  is  much  less  and 
the  woiking  may  be  discontinued 
and  resium^  at  an^  time  without 
repairs  being  required. 

The  first  construction  to  be 
noticed  is  that  of 

7^  Backwoodi  Hearth, 

This  form  of  furnace  is  of  the 
most  primitive  character,  and  yet 
the  practice  of  the  Western  back- 
woodsman is  still  more  simple ;  if 

he  wants   shot   or  bullets,    he  ^^^,^ - 

kindles  a  fire  in  a  hoUow  tree,  or  -  ^^— .--^ 

an  old  stump  of  a  tree,  places  some  galena  on  the  charred  wood,  and  melts  it  down,  when 

after  cooling,  be  finds  the  metal  at  the  bottom  of  the  hollow. 

In  Missouri,  the  ore  was  reduced  in  square  furnaces,  constructed  of  logs  or  stones,  as 
shown  in  ^.  607. 

Vou  HI.  K  K 

Digitized  by  VjOOQIC 


Digitized  by 


Google 


REDUCTION  ON  THE  ORE-HEARTH.  499 

gpice  Mow  the  workstone  with  peata,  pUcing  one  already  kindled  before  the 
Docde  of  the  bellowa^  The  powerM  blast  Terj  soon  sets  the  whole  in  a  blaae,  and 
br  Oie  addition  of  small  quantities  of  coal  at  intervaln,  a  body  of  fiie  is  obtained, 
flliinff  the  hearth.  Boasted  ore  is  now  pnt  upon  the  surface  of  the  fire^  between 
the  forestone  and  pipestone,  which  immediately  becomes  red-hot  and  reduced, 
the  lead  from  it  sinking  down  and  collecting  in  the  hearth-bottom.  Other  portions 
of  ore,  of  from  10  or  12  lbs.  each,  are  introduced  from  time  to  time,  and  the  contenta 
of  the  hearth  are  stirred  and  kept  open,  being  occasionally  drawn  out  and  examined 
upon  the  workstone,  until  the  hearth-bottom  becomes  ftill  of  lead.  The  hearth 
may  now  be  considered  in  its  re^;ular  working  state,  having  a  mass  of  heated  fuel, 
mixed  with  partly  fused  and  senu-reduced  ore,  called  hrowte,  floating  upon  a  stratum  , 
of  melted  lead.  The  smelting  shiit  is  then  r^ularly  proceeded  witii  bv  the  two 
workmen,  as  follows: — ^The  fire  being  made  up,  a  stratum  of  ore  is  spread  i^n  the 
horiaontal  sur&ce  of  the  browse,  and  the  whole  suffered  to  remain  exposed  to  the 
blast  for  about  fire  minutee.  At  the  end  of  that  time,  one  man  plunges  a  poker  into 
the  fluid  lead  in  the  hearth-bottom  below  the  browse,  and  raises  the  whole  up  at 
different  places,  so  as  to  loosen  and  open  the  browse,  and  in  doing  so,  to  pull  a  part  of 
it  forwaros  upon  the  workstone,  allowing  the  recently  added  ore  to  sink  down  into  the 
body  of  the  nearth.  The  poker  is  now  exchanged  for  a  shovel,  with  a  head  6  inches 
square,  with  which  the  browse  is  examined  upon  the  workstone,  and  any  lumps  that  may 
hare  been  too  much  fused,  are  broken  to  pieces ;  those  which  are  so  fiiir  anlutinated  by 
the  heat  as  to  be  ouite  hard,  and  frirther  known  by  their  brightness,  are  placed  out,  and 
thrown  aside,  to  oe  afterwards  smelted  in  the  slag  hearth.  They  are  called  "  grey 
slagB."  A  little  slaked  lime  in  powder  is  then  spreM  upon  the  browse,  which  has  been 
drawn  forward  upon  the  workstone,  if  it  exhibit  a  pasty  appearance ;  and  a  portion  of 
coal  ia  added  to  tbe  hearth,  if  necessary,  which  the  workman  knows  by  experience.  In 
the  meantime,  his  fellow-workman,  or  shoulder-fellow,  clears  the  opening  through 
which  the  blast  passes  into  the  hearth,  with  a  shovel,  and  places  a  peat  immediately 
abore  it,  which  ne  holds  in  its  proper  situation,  until  it  is  fixed,  by  the  return  of  all 
the  browse  from  the  workstone  into  the  hearth.  The  fire  is  made  up  again  into  the 
shape  before  described;  a  stratum  of  fresh  ore  spread  upon  the  peat;  and  the  operation 
of  stirring,  breaking  the  lumps  upon  the  workstone,  and  picking  out  the  hard  slags  re- 
peated, afrer  the  expiration  of  a  few  minutes,  exactly  in  the  same  manner.  At  every 
sdrring  a  frtish  peat  is  put  above  the  nozzle  of  the  bellows,  which  divides  the  blast  and 
canaw  it  to  be  ustributed  all  over  the  hearth ;  and  as  it  bums  awav  into  light  ashes, 
an  opening  is  left  for  the  blast  to  issue  freely  into  the  body  of  the  browse.  The  soft 
and  porous  nature  of  dried  peat  renders  it  very  suitable  for  this  purpose;  but  in  some 
instances,  iHiere  a  deficiency  of  peats  has  occurred,  blocks  of  wood  of  the  name  sice  have 
been  used  with  little  disadvantage.  As  the  smelting  proceeds,  the  reduced  lead,  filtering 
down  thrtms^  all  parts  of  the  browse  into  the  hearth-bottom,  flows  through  the  channel, 
out  of  whi<m  it  is  laded  into  the  pig-moulds. 

The  principal  particulars  to  be  attended  to  in  managing  an  ore-hearth  properly  during 
the  am^ting  shift  are  these :  First : — it  is  very  important  to  employ  a  proper  blast,  which 
■hoold  be  ctfefully  reflated,  so  as  to  be  neither  too  weak  nor  too  powerfiiL  Too  weak 
m  bhist  would  not  excite  the  requisite  heat  to  reduce  the  ore,  and  one  too  powerful  has 
the  efieet  of  fusing  the  contents  of  the  hearth  into  shigs.    In  this  particular,  no  certain 
mlea  can  be  given ;  for  the  same  blast  is  not  suitable  for  every  variety  of  ore.    Soft, 
hw>  gained  galena,  of  great  specific  gravity,  being  very  fusible,  and  easily  reduced, 
paqwrea  a  moderate  blast ;  while  the  harder  and  lighter  varieties,  many  of  wliich  con- 
tain more  or  less  iron,  and  are  often  found  rich  in  nlver,  require  a  blast  considerably 
itron|;er.    In  all  cases,  it  is  most  essential  that  the  blast  should  be  no  more  than 
wiBcient  to  reduce  the  ore,  after  every  other  necessary  precaution  is  taken  in  working 
iha  hearth.  Secondly :— The  blast  should  be  as  much  divided  as  possible,  and  made  to 
mm  throuffh  every  part  of  the  browse.    Thirdly: — The  hearth  should  be  vigorously 
itarred  at  due  intervals,  and  part  of  its  contents  exposed  upon  the  workstone,  when  the 
MtftialH  fused  lumps  ^ould  be  well  broken  to  pieces,  and  those  which  are  farther 
jtrified,  so  as  to  form  slags,  carefully  picked  out.    This  breaking  to  piecea,  and  ex- 
Mxirare  of  the  hottest  part  of  the  browse  upon  the  workstone,  has  a  most  beneficial 
k**ct  in  promoting  its  reduction  bto  lead ;  for  the  atmospheric  air  immediatelv  acts 
|poo  it,  and,  in  t£u  heated  state,  the  sulphur  is  readily  consumed,  or  converted  into 
uphnrous  acid,  leaving  the  lead  in  its  metallic  state ;  hence  it  is  that  the  reduced  lead 
brays  flows  most  abundantly  out  of  the  hearth  immediately  after  the  return  of  the 
yowae  which  has  been  spread  out  and  exposed  to  the  atmosphere.    Fourthly : — The 
knntity  of  lime  used,  should  be  no  more  than  is  just  necessarv  to  thicken  the  browse 
lAciently,  as  it  does  not  in  the  least  contribute  to  reduce  the  ore  by  any  chemical 

metkm ;  its  use  is  merely  to  render  the  browse  less  pasty,  if^  from  the  heat  being  too 
tt,  or  from  the  nature  of  the  ore,  it  has  a  disposition  to  become  very  soft  Filthly : — 
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The  ore-heaith,  as  asaAllj  coDstnicted,  often  allows  the  ftimes  to  fill  the  mill,  when* 
evvr  the  draoght  is  defective,  and  thus  proTes  ixgnrious  to  the  health  of  the  work  people. 
Under  all  dieumstances,  a  large  Tolume  of  air  passes  into  the  flae,  and  so  far  diminishes 
the  condensation  of  the  lead-fdme. 

In  order  to  diminish  the  objection,  the  writer  introduced  the  following  modifications, 
shown  infy,  610. 

%.  610. 


The  hearth  is  covered  with  a  hood  of  brick- work,  a,  at  the  back  of  which  there  is  an 
opening  into  the  flue.  This  opening  can  be  enlarged  or  diminished  by  means  of  a 
damper,  worked  from  the  outside  at  b.  The  opening  in  frt>nt  can  also  be  regulated  bj 
means  of  a  movable  iron  plate,  c,  which  can  be  raised  or  lowered  acoordinff  to  circum- 
eUnces.  The  hood  is  firmly  bound  by  iron  straps,  d  d^  which  are  maintained  in  position 
by  screw-bolts  above  and  below  the  hearth.  The  opening  e,  under  the  arch  /,  allows  the 
workman  to  regulate  the  blast,  which  is  admitted  at  the  back  through  the  ordinary  tuyere. 

The  ore  is  charged  through  the  opening  ^,  in  the  side  of  the  hood,  and  the  fomace  if 
worked  from  the  frt)nt^  in  the  manner  just  described. 

We  have  now  finished  OTir  account  of  the  reduction  of  lead  ores,  and  regret  that  we 
are  compelled  to  omit  manv  details  relating  to  the  various  modifications  adopted  in 
Germany  and  elsewhere,  which  are  treated  at  great  length  in  Kerl's  valuable  Handbuck 
der  MetaUurgiachen  HtUtenkunde,  to  which  we  beg  to  refer  the  reader  for  frirther 
information. 

Chemical  BeacUons  m  the  Blast  Furnace, 

The  substances  which  compose  the  chaige  in  blast  ftimaces,  are  generally  either  in 
the  form  of  powder  more  or  less  fine,  or  in  masses  more  or  less  frised. 

The  fume  is  in  the  form  of  powder,  and  consists  chieflv  of  carbonate  and  sulphate  of 
lead.  The  droes  and  lead  skimmings  are  in  coarse  powder,  and  contain  oxide  of  lead, 
and  some  metallic  lead  mixed  with  the  ashes  of  the  Aiel  and  other  earthy  matters. 
The  furnace-waste  contains  quartz,  clay,  and  silicate  of  lead ;  while  the  test-bottoms 
consist  either  of  silicates  of  l^id,  &c,  or  of  phosphate  of  calcium  and  oxide  of  lead.  The 
ores  and  the  grey  slags  are  veiy  varied  in  their  composition,  containing  sulphide  and 
oxide  of  lead,  sulphates  and  silicates  of  lead,  calcium,  barium,  &c,  and  differ  as  much 
in  their  mechanical  condition. 

The  chemical  reactions  resulting  from  the  fosion  of  so  varied  a  mixture  of  compounds, 
are  necssarily  of  a  very  complex  character,  and  change  even  in  the  different  parts  of  the 
furnace ;  thus  in  the 

Upper  Zone. — The  uncombined  oxide  of  lead,  which  happens  to  be  present  in  the 
furnace  in  the  form  of  powder,  or  as  a  porous  mass,  isreducra,  und  as  this  lead  trickles 
down  to  the  hearth,  a  considerable  portion  is  volatilised.  It  is  necessary,  therefore,  in 
roasting  ores,  &c.,  to  raise  the  temperature  high  enough  to  frise  them  into  masses, 
which  are  only  acted  upon,  on  the  snr£ice.  by  me  reducing  gases  in  the  upper  part  of 
the  furnace. 
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«tJi«r  kipafret  itwstiDg  in  the  kad-compoandB,  or  a  deficiency  of  the  redncing  agenta, 
•alphidee  of  iion,  bftrinm,  or  calcium. 

Iron  PtfTite$  as  Bedudna  A^ent.—TlM  mineral  ehouKl  he  preriooslj  roasted  to 
azpel  a  poitaon  of  the  snJ^hnr,  when  it  ia  to  he  used  fn  the  hlast^fbraace,  hut  ita 
employment  haa  a  tendency  to  increase  the  formation  of  matt.  The  same  effect  is 
pnxluced.  to  a  ^jreater  extent^  when  the  galena  employed  is  loaded  with  pyrites,  since 
theee  two  sulphides  enter  into  oombinatioa  in  the  upper  sone  of  the  furnace,  and  the 
QMlt  produced  docs  not  act  so  vigorouahr  upon  the  silicates  as  the  sulphide  of  iron 
alone.  The  matt  therefore  partly  escapes  decomposition,  and  the  quantity  is  accordingly 
aacreaaed. 

Fm»e, — This  suhstance,  being  im  the  Ihnn  of  powder,  ought  not  to  be  charged  direct, 
but  it  should  undergo  a  preliminary  treatment  in  a  xt^Terbemtory  fbrnace.  It  is 
•driflable  to  mix  it  with  some  lead-compounds  and  a  quantity  of  sand,  ranring  from  16 
to  2Q  per  cent.,  according  to  its  contents  in  lead.  The  charge  is  rapidly  heated  to  the 
point  of  fusion,  and  about  8  per  cent  of  ftiel,  in  small  pieces,  added.  The  whole  is  then 
veil  WQcfcef]^  to  mix  the  ftiel  as  intimately  as  possible,  which  promotes  the  sepamtion 
of  the  lead  obtained  by  the  reduction  of  the  silicate  of  lead. 

AoTKMr  or  nn  Gakouis.  Carbonate  of  iron. — This  substance  is  converted,  more 
or  leea,  into  sesquioxide  of  iron  during  the  roasting  process,  and  only  interferes  with 
Um  oxidation  of  the  ffalena  when  present  in  large  quantities.  It  acts  in  the  furnace 
in  the  manner  already  explained,  and  must  be  regarded  as  a  useful  impurity ;  but 
wh«n  present  in  lamr  quantities  and  intimately  mixed  with  the  lead  ores,  it  prevents 
the  a^omeration  of  the  powder,  even  when  sand  is  added.  Under  such  drcumstancep, 
the  redndi^  action  must  be  moderated  in  the  upper  zone  of  the  t\imace«  and  the  union 
of  the  oxides  of  iron  and  lead  with  some  ftisible  siliceous  slags,  must  be  promoted. 
The  furnace  ought  to  be  low,  and  driven  with  a  gentle  blast ;  but  with  all  precautions, 
tbere  is  a  tenden^to  yo6  the  fbrnace. 

/roll  vyp^' — ^When  this  mineral  is  present,  the  roasting  requires  a  longer  time,  and 
it  is  difficult  to  prevent  the  agglomeration  of  the  ores,  with-  an  undue  formation  uf 
■olphates.  Towaras  the  end,  the  heat  must  be  raised,  and  the  presence  of  an  excess  of 
■ani  is  neeeesair.  The  lose  of  lead  and  silver  bv  volatilisation  in  such  ores  is  less, 
however,  probably,  fh>m  the  rapid  formation  of  sulphuric  add  by  the  oxidation  of  the 
pyrites,  and  the  conversion  of  tiie  lead  and  silver  into  sulphates. 

When  the  roasting  is  complete,  the  only  reducinff  agent  necessary  in  the  blast- 
ibmace  is  coke,  the  action  of  which  has  been  previously  explained. 

The  arseniod  pyrites  is  always  injurious ;  the  formation  of  arseniousacid  during  the 
roHSting,  increases  the  volatilisation  of  the  silver,  but  tiie  greater  part  of  the  arsenic 
remains  behind  in  the  form  of  arsenates.  In  the  blast-furnace,  some  more  arsenic  is 
volMlilised  in  the  upper  zone,  aqd  part  remains  combined  with  the  lead  and  in  the  matt 
in  the  form  of  arsenuret  of  iron. 

Sulphide  ofantitMn^, — Duriogthe  roasting;  the  volatility  of  the  antimony  increases 
the  loss  of  lead  and  nlver,  and  towards  the  end  of  this  operation,  it  is  impossible  to 
decompose  Uie  antimonates,  ev«i  with  an  excess  of  gangnes  and  ftisible  silicates. 

In  the  blast-ftimace,  the  antimonates  are  gradually  reduced  by  the  gaaes,  the  iron, 
and  the  solid  fuei,  with  the  same  facility  as  the  compounds  of  lead;  A  part  of  the 
antimony  is  vc^tilised,  by  which  the  loss  of  lead  and  silver  is  increased,  and  another 
portion  passes  into  the  lead  and  matL  The  presence  of  this  substance  necessitates  the 
nee  of  an  increased  proportion  of  iron  and  coke.  The  antimony  also  accompanies  the 
lead  in  all  the  subsequent  operations,  although  the  greater  portion  can  be  removed  in 
the  calcining  process. 

Copper  pyriies. — In  the  blast-furnace,  the  copper  is  nearly  all  redueed  at*  the  same 
time  as  the  lead,  and  when  a  matt  is  formed,  a  portion  of  the  co|^>er  ia  alwaya  present 
The  lead,  however,  always  carries  away  some  copper,  which  reappears  in  all  tne  sub> 
•eqnent  operations,  after  giving  a  characteristic  appeamnce  both  .to  lead  and  litharge. 

Blende. — During  the  roasting,  the  blende  is  more  rapidly  oxidised  than  the  ffalena^ 
being  converted  into  oxide  and  sulphi^  of  sine,  whieh  is  decomposed  with  difficulty 
in  the  second  period,  while  the  invisibility  of  the  oxide  impedes  the  melting  of  the 
other  materials.  It  is,  therefore,  necesssary  to  add  some  argillaceous  compounds  to 
such  ffalenas,  and  prolong  the  roasting  process.  These  comix>unds  of  cine  are  not 
volatile,  but,  being  infusible,  are  more  Eable  to  be  carried  off  with' the  current  of  fume, 
of  whieh  they  alwavs  form  a  lare^  proportion ;  these  fumes  are  richer  in  silver 
than  those  termed  in  treating  similar  giuenas  free  from  blende.  It  ii  not  known 
in  what  state  of  chemical  combination  the  silver  exists  in  fume,  but  from  the  facts 
obaerved  ift  treating  ofee  with  different  ganffues,  it  would  appear  that  the  presence  of 
salver  in  the  fumes  is  due  more  to  mechaniciJ  than  to  chemi<»l  causes. 

In  the  upper  aone  of  the  blaat-fumaoe,  the  oxide  of  zinc  is  partially  reduced,  and  as 
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it  rradn«d  oseleM  in  each  renewal,  the  upper  portion  of  the  brickwork  ia  covered  in 
eome  worka  with  a  circular  metal  alab,  on  which  the  nanow  rim  of  the  pot  reeta,  hj 
which  a  saving  of  expense  in  the  repairs  is  effected. 

This  |»oces8  is  also  accompanied  by  another  advantage  in  purifyins  the  lead.  Eaeh 
time  the  lead  is  melted,  the  sorface  becomes  coTered  with  a  scum,  whidi  oontaina  BMne 
or  leas  impurity  along  with  the  oxide  of  lead,  and  this  dross  being  always  skimmed 
off;  thA  quklity  of  the  lead  ia  continuously  improved  as  it  apptomcStm  the  market-pot^ 
Thia  circumstance  ib  bo  well  recognised,  that  leads  containing  onlv  one  ounce  silver  per 
ton,  and  even  less,  are  regularly  treated  by  this  ptocesa,  eepedaliy  when  the  lead  ii  to 
be  used  in  the  manufiicture  of  white  lead. 

An  average  cost,  founded  on  the  crystallisation  of  1,917  tons  of  lead  containing  24 
ounces  of  silver  per  ton,  waa  found  to  be  aa  follows : 

«.     d 

Labour 9    7*0 

Coals,  6*2  cwt  ....        1    0*4 

Repairs 0    2*9 

10  10-9 

Stages  apparatus. — ^The  expense  of  labour  is  an  important  item  in  Pattinson's  pro> 
cees,  and  none  but  powerftil  men  are  capable  of  mananng  the  crystallising  ladle.  This 
objection  attracted  the  attention  of  the  late  Mr.  L  I).  Stagg^  who  succeeded  in  con- 
structing an  apparatus  for  obviating  this  di£Sculty.  This  arrangement,  known  as  Stages 
apparatus^  is  represented  in^.  613 ;  it  consists  of  a  crane  and  windlass,  a  ^;  a  chain 
Mttiiched  to  the  end  of  the  shank  of  the  ladle  is  wound  up  by  the  windlass,  and  draws 
up  the  ladle,  filled  with  crystals,  out  of  the  pot  A  workman  guides  the  handle  of 
the  ladle,  which  is  afterwards  placed  under  a  catch,  c,  of  the  crane.  While  the 
crystals  are  draining,  the  ladle  is  occasionally  shaken  by  the  workmen,  and  by  moving 
the  crane,  the  ladle  is  easily  carried  over  the  adjoining  pot,  into  which  the  crystala 
are  emptied. 

Wnrsletfi  apparatus, — This  gentleman  has  also  patented  arrangements  by  which  the 
labour  ia  economised.  He  fixes  an  upriffht  ahafb  in  the  centre  of  Uie  pans,  with  a  bear- 
ing at  top  and  bottom,  while  arms  racuate  from  the  shaft  to  the  sides  of  the  pans ; 
with  this  apparatus  he  obviates  the  use  of  the  slice. 

The  other  plan  consists  in  drilling  a  |  to  |  inch  hole  horizontallv  through  the  side  of 
the  pan,  about  two  inches  above  the  bottom.  The  opening  inside  the  pan  is  cohered  wiUi 
a  sheet-iron  strainer  screwed  down  to  the  pan,  and  a  spout  is  set  in  an  opening  made 
through  the  side  wall  of  the  fire>hole  of  the  pan,  to  cany  off  the  liquid  lead  into  a  pot 
placed  outside.  The  hole  in  the  pan  is  made  tight  by  a  slightly  tapering  tapping  bar. 
The  crystals  remain  behind  for  ftuther  treatments 

Parkes'  Process, 

This  process  depends  upon  the  superior  attraction  of  silver  for  zinc  over  lead,  and 
is  applied  by  Mr.  Parkes  in  the  following  manner : 

The  silver-lead  is  melted  in  one  of  the  large  pans  alreadv  described,  and  raised  to 
the  temperature  of  melted  zinc.  The  zinc  being  melted,  is  then  added,  and  the 
fluid  metals  are  stirred  for  a  period  of  one  to  two  hours.  The  fire  is  now  lowered 
and  the  metals  allowed  to  cool  down  until  the  lead  is  about  to  set  The  zinc  and  silver 
rise  to  the  sur&ce  during  the  interval,  and  are  removed  by  means  of  a  perforated 
ladle. 

This  alloy  is  afterwards  heated  in  a  sloping  iron  retort  to  remove  a  portion  of  the 
lead,  which  contains  1,000  ounces  of  silver  per  ton,  and  is  ready  for  cupellation.  The 
portion  left  in  the  retort,  is  heated  in  day  pots  to  distil  off  the  zinc.  The  residue  con- 
tains silver  mixed  with  the  impurities  of  the  original  lead  and  zinc  It  is  melted 
with  lead  and  cupelled  to  obtain  the  silver. 

Mr.  Parkee  also  proposed  to  roast  the  alloy  in  dose  retorts  or  muffles,  bv  which  it 
was  reduced  to  a  fine  powder,  which  was  then  to  be  treated  with  dilute  siilphuric  add. 
The  foreign  oxides  dissolved  in  the  add,  leaving  the  silver,  which  was  treated  in  the 
usual  way. 

The  quantity  of  zinc  required  to  desilverise  the  lead,  depended  upon  the  proportion 
of  silver  and  other  metals  present  in  the  lead,  and  he  gave  the  following  statement  in 
his  specification — ^viz.  for  20  cwt  of  lead  containing 

14  OS.  of  silver  per  ton  .        •        .    22*4  lbs.  of  zinc 
21  „  n         »»      •        •        •     33"6        „ 

28  ,,  „  „       .         .         .     44*8        „ 

The  loss  of  lead  in  this  process  is  said  to  be  about  1  per  cent.,  but  on  aocoimt  of 
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510  LEAD:  CUPELLATION. 

The  test  is  allowed  to  dij  in  the  aur  for  some  time,  and  then  placed  oo  the  'n^gaa, 
which  is  ran  into  position.  The  test  is  then  wedged  tight  op  against  an  inn  riig 
built  firmly  in  the  masonry.  The  fire  is  now  lisbtod  ao^  the  test  carcfnllj  aaaetled, 
otherwise  it  is  liable  to  crack.  When  perfectly  dry,  it  is  heated  to  a  doll  rednoa,  aad 
then  filled  with  the  melted  rich  lead. 

This  lead  soon  becomes  coated  with  a  greyish  dross,  bat  as  the  heat  iaerimm,  the 
■nr&ce  of  the  lead  appears,  and  the  formation  of  litharge  commences.  The  bhat »  nov 
turned  on,  and  while  supplying  the  oxygen  necessaiy  for  the  oxidation  of  the  Wad.  it 
drives  the  lithaige  to  the  montii  of  the  refinenr,  where  it  flows  in  a  cooturaovt  streiB 
oyer  the  gate  into  a  little  iron  pot  placed  on  wheels  for  the  oonremeoee  of  tcsmttbL 

When  there  is  only  enough  rich  lead  to  yield  a  small  cake  of  silTer,  the  refioiaf  ii 
completed  in  the  same  test,  and  in  that  case,  the  workman  cuts  down  the  opening  in  tbe 
bone-ash  at  this  end  of  the  test,  which  is  called  the  gate,  to  the  leyd  of  the  atelted  lead, 
until  the  fining  of  the  silver  commences. 

When  there  is  a  stock  of  rich  lead,  the  concentration  of  the  sOver  is  eoofiaed  to  tht 
first  test,  which  is  called  the  lead-test  As  soon  as  the  silver  amounts  to  about  8  p* 
eent  of  the  contents  of  the  test,  a  small  hole  is  carefully  drilled  in  the  boCtmi,  aad  th» 
rich  alloy  is  run  into  moulds.  The  hole  is  then  closed  by  a  pellet  of  bone-ash,  and 
another  cupellation  commenced.  The  rich  alloy  is  afterwards  refined  in  the  tame 
manner  in  another  test,  hence  called  the  tUver-test 

When  the  lead  has  been  nearly  all  oxidised,  the  film  of  silver  beoomea  thinner  aad 
thinner ;  it  then  exhibits  a  succession  of  the  beautiful  iridescent  tints  of  Newtoo*f  nap, 
and  at  length  the  film  of  oxide  disappears,  revealing  the  brilliant  surfiaee  of  iflm 
beneath.  Boch.  is  Dr.  Miller^s  admirable  description  of  this  beantiftil  phenoneooo, 
known  as  ihtfulguration  of  the  metal,  or  as  the  men  call  it»  the  brigktming  of  Ik 
plaU. 

At  thispoint  the  blast  is  turned  ofi(  the  fire  withdrawn,  and  the  silver  allovtd 
to  cool,  mien  the  silver  has  set  and  begun  to  harden,  the  wedges  are  removed,  aad 
the  test  with  its  cake  of  silver  falls  on  the  iron  waggon.  When  cold,  it  is  removed,  tb« 
impurities  adhering  to  its  under  surfiioe  are  chipped  o£^  and  the  silver  is  nadj  for 
fusing  into  ingots. 

Bming  the  cupellation,  the  silver  absorbs  oxygen,  whidi  is  evolved  as  the  metal 
cools,  forming  crater-like  eraptions  on  the  siuface,  and  the  extent  of  theae  pro- 
tuberances is  a  very  good  indication  of  the  purity  of  the  sOver. 

There  is  not  much  silver  lost  in  the  refinery  W  volatilisation,  but  a  con- 
paratively  lane  absorption  takes  place  in  the  test*  We  have  assayed  several  tut- 
bottoms,  and  have  found  the  contents  in  silver  to  vaiy  from  74  oz.  to  115  oc.  per  toa 
of  test. 

Chamber^  Steam  Blast — ^The  blast  employed  in  refining  must  be  soft,  and  is  beil 
supplied  by  means  of  a  fiin,  but  a  very  excellent  plan  of  mr.  Chambers  was  tried  liv 
the  writer,  and  furnished  veiy  good  results.  It  consisted  in  substituting  a  steam  jet 
for  the  blast  of  air,  and  as  the  steam  passed  through  a  wide  noole,  it  carried  sofBdeDt 
air  along  with  it  to  oxidise  the  lead,  while  mixing  a  body  of  steam  with  the  lead  fume, 
which  was  thus  more  completely  recovered  in  the  long  fines  by  the  condensation  of  the 
steam. 

A  more  simple  and  compact  form  of  refineiy  is  shown  in  figs.  618, 619,  where  the  sfteaa 
blast-pipe  is  represented  entering  the  furnace  at  a.  This  refineiy  is  also  fitted  with  aa 
iron  hood,  6,  placed  in  front  of  the  working  door,  where  occasional  pufb  of  fume  art 
blown  over  the  workman.  This  fume  is  carried  off  by  an  iron  pipe,  c,  into  the  chimnej, 
and  this  protects  the  men  from  the  injurious  consequences  of  inhaling  the  lead  smoke. 

The  following  statement  as  to  the  cost  of  refining^  is  founded  on  the  cnpellatioo  of 
rich  lead,  which  produced  upwards  of  60,000  oz.  of  fine  silver: 

«.    d. 

Labour 3  10*3 

Coals     .        47cwt 0    »-4 

Pearl-ashes    0*6  lbs. 0    4*0 

Bone-ashes  187  , 3    3*8 

Repairs 0    2U 

Engine  Power:  Coals  ewt  6*2  «  0  10*4         •       >     .   ,^.. 
Wages  .        .      1    0*3         .       {"**"' 

Per  ton  of  lead  10    4*2 

or  8«.  lid.  per  100  oz.  of  silver. 

When  the  silver  has  been  removed,  the  test  is  broken  up^  those  portions  of  the  boae- 
ash  which  are  flree  fh)m  lead,  being  removed  for  subsequent  use,  and  the  rest  is  genecai^ 
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LEAD:   CUPELLATION.  511 

carried  to  the  dag-hearth  or  blaat-lrimace,  where  the  bone-aah  of  oonrse  is  lost  Mr. 
Johneon  leeofeiB  this  bone-ash  as  follows : — 

JokmmniM  ProcesM. — He  reduces  the  cupel  to  a  powder,  asd  mixes  it  with  acetic  acid 
af  I'MO  to  1*048  specific  gravity,  in  sufficient  quantity  to  render  the  mixture  of  a  thia 

Fig.  6ia. 


Fig.  619. 


•  llS«S67flt|«ll|» 

I.I.I  I  I  I  I  >  I  I  I  1  '  i J 

eonsistenee  to  admit  of  its  beins  well  agitated  in  a  dolly  tub.  The  greater  part  of  the 
lead  dissolves,  and  by  renewing  the  acid,  a  further  quantity  is  removed,  so  that,  on  working 
the  residue  to  separate  all  the  solution,  the  bene-ash  is  sufficiently  pure  to  be  employed 
again  in  making  tests.  The  solutions  yield  the  lead,  in  the  form  of  sugar  of  lead,  by 
ooneentntion. 
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SOFTENING  OF  HARD  LEAD.  519 

when  the  surfiice  of  the  lemd  is  keot  ooosttntly  dear  of  droes  by  the  caldner,  the  tlloy, 
•.«  it  risee,  is  immediately  oxidised  by  the  current  of  hot  air,  whereas  in  tliis  proceflS)  m 
coiifl«d«rable  time  is  lost  in  allowing  the  mixture  to  act^  and  before  the  cmsts  are 
reaored. 

Mr.  Barker  of  Sheffield  has,  however,  snoeeeded  in  using  the  nitrate  of  soda  and  bisul 
pbate  of  soda  to  adrantaffe  in  this  process,  possibly  from  the  fietct  that  the  impurities  in 
his  lead  are  so  much  smaller  than  in  those  of  Spain,  and  by  performing  the  operation, 
it  is  Mid,  in  crucibles. 

Reduction  •/  the  Dross, 

This  process  is  performed  in  an  ordinary  reducing  furnace,  of  smaller  dimensions 
than  usual,  as  the  chaiges  are  smaller  and  require  more  attention  to  prevent  the  loss  of 
antimony  by  volatilisation.  The  writer  also  introduced  the  use  of  a  httle  soda-ash  with 
the  coal,  when  mixed  with  the  dross,  which  was  found  to  render  the  slag  which  is 
formed,  more  fusible,  and  enabled  the  workman  to  work  at  a  lower  heat  The  following 
analyses  of  the  hard  lead  obtained  from  this  dross,  with  and  without  the  addition  of  this 
flux,  prove  the  advantage  of  its  empbyment : 

WIthoat  Ui«     Wttb  !(  p«r  c«oU 
•oda-ath.  ofsnda-Mli. 

Lead 8288  6870 

Antimony 16*00  40*66 

Copper 0*68  0*32 

Inm 0*86  0*32 

100*00  100*00 

With  the  use  of  this  flux,  and  continuing  the  calcining  operation  on  the  produce  of 
the  reducing  furnace,  the  metals  obtained  were  found  to  possets  the  fidlowing  oom- 
pottition,  according  to  the  analyses  of  the  writer: 

EnifUsh  Hard  Lead, 

Orifrfiul  lead.  Itt  caldnation.  Sod  cmldnatlon. 
09*27                  8653  62*84 

Antimony  .        .        .  0*57  11*20  47*16 

Copper       •        •        •  0*12  traces  tnoes 

Iron   ....  0*04  0*84  tnoes 

10000  98*16  100*00 

SpatUsh  Hard  Lead, 

Original  lead.        Ut  caldnatfcm.  tad  caldiiaUoo. 
Lead          .        .                     96*81                  64*98  66*60 

Antimony  .        .        .  8*66  29*84  48*40 

Copper       .        .        .  0*32  6*90  traces 

Iron  ....  0*21  0*20  traces 

10000  100*92  10000 

It  was  found  impossible  to  separate  any  soft  lead  from  the  product  of  the  second  cal* 
dnatian,  all  the  metal  becoming  oxidised.  This  alloy  is  found  of  great  use  in  casting 
tjpe  furniture,  and  in  making  some  of  the  coarser  kinds  of  type. 

Tbb  cost  of  reducing  the  droes,  per  ton  of  lead  produced,  is  as  foUowi: 

s.  d. 
Labour  ....  6  2*1 
Coals,  7*6  cwt  .  •  1  8*2 
Soda-ash,  34  lbs.  .  .  2  1*6 
Bepairs  .        •  — 

8    6*8 
Separation  of  the  Antimony, 

Instead  of  redueinf^  the  dross  iHiieh  yields  the  lead  of  the  second  calcination,  the 
writer  proposed  to  grind  it  to  powder,  and  treat  it  with  acetic  acid,  by  which  all  the 
lead  is  dissolved,  and  yields  sugar  of  lead  by  evaporation  and  orystallisatifn.  The 
insoluble  residuum,  when  reduMd  in  the  usual  method  employed  for  antimony  ores, 
famishes  this  metal  very  readily,  and  of  fiur  quali^. 

The  same  process  is  applicable  to  the  separation  of  the  oxide  of  tin  when  the  dross 
has  been  formed  by  treating  tea  lead. 
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The  fuel  employed  is  coke,  and  during  the  smelting^  part  of  the  iron  of  the  matt 
comb  lues  with  the  silica  of  the  slags  and  cinders,  forming  a  new,  veiy  fusible  slag. 
Another  portion  of  the  iron  reduces  the  sulphide  of  lead,  producing  metallic  lead  and  a 
^-cotid.  matt. 

The  following  table  contains  the  analjrses  of  some  slags  made  in  smelting  copel 
Dottoms,  &c: 

Anafy9e8  of  Lead-^laff$  from  Blast  Furnace, 


Aothority  . 

Brdcl. 

Ber. 

thier. 

Kars 

teo. 

Bcrthler. 

Locality     . 

Cliiui- 

Poullaou«n. 

Halt. 

Pontflbaud. 

Silicm 

2876 

86-20 

34-80 

4000 

88-70 

20-00 

22-00 

88-70 

Oxide  of  lead    . 

44*60 

26*80 

6-60 

84-80 

7-40 

traces 

36-60 

1600 

Protoxide  of  iron 

6-87 

19-40 

34-40 

6-60 

28-40 

37-90 

4-20 

23-70 

Oxide  of  manganese  . 

0-42 

0-60 

0-60 

300 

2-40 

Suboxide  of  copper    . 

0-21 

,     , 

•    • 

1-60 

Aluoiina   . 

8-92 

4*60 

4-80 

12-90 

8-70 

10-00 

6-20 

1160 

Lime 

7-83 

4-40 

700 

1-00 

12-80 

4-40 

80-20 

900 

Magnesia  . 

0-53 

,    , 

,    . 

0-90 

0-60 

,    , 

1-00 

1-00 

Teixudde  of  antimony 

0-70 

Oxide  of  line     . 

,    , 

5*20 

0-50 

Protoeulphide  of  iron 

,    , 

2-20 

900 

Sulphide  of  sine 

.    . 

.    , 

,    . 

.    . 

•     • 

10-20 

Baryta      . 

•    • 

•    • 

•    • 

•    • 

•    • 

1760 

This  matt  is  treated  in  the  same  manner  as  be£>re^  bnt  in  the  fourth  matt  the  copper 
has  accumulate  to  such  extent^  that  it  is  called  the  copper  matt,  and  is  tzeated  for  that 
metaL 

This  accumulation  of  copper  is  always  observed,  howerer  small  the  percentase  of 
copper  in  the  original  ore.  The  copper,  having  a  stronger  affinity  for  sulphur  than  lead, 
goee  on  accumulating  in  these  matte,  and  generally  pays  for  its  extraction. 

The  mixture  smelted  in  these  Glausthal  furnaces^  consists  of: 

34  parts  of  ore  containing  24  of  galena. 
4  to  6      „       cupel  bottoms. 

1      „       the  abstrichs  from  the  refinery. 
89      „       ore  slags. 
4^    „       granulated  cast  iron, 
which  mixture  is  stated,  by  Begnault,  to  produce  19  pts.  of  metal,  and  7  or  8  pts.  of 
the  first  mattt  containing  2^  pts.  of  metaL 

▼•  OondeBMitlon  of  the  Xead  aPnnie. 

Since  attention  has  been  drawn  to  the  great  loss  of  lead  in  smeltiuff  its  ores, 
numerous  plans  have  been  proposed  to  recover  a  portion  of  the  metal  in  the  form  of 
fume,  no  fewer  than  sixteen  patents  having  been  enrolled  for  this  object 

Where  sufficient  space  exists,  the  plan  most  generally  adopted  is  that  of  long  fines 
and  chambers.  In  some  cases  these  fines  extend  for  6  miles.  In  Mr.  Beaumont's  ex- 
tensive works,  bis  able  engineer,  Mr.  Sopwith,  added  nearly  6  miles  of  fiue  to  one  mill, 
the  fiue  being  8  ft  high  by  6  ft  wide.  The  saving  in  lead  in  these  flues  of  Mr. 
Beaumont^  is  said  to  exceed  £10,000  per  annum. 

Of  the  manpr  plans  which  have  been  suggested,  we  will  select  two  which  are  in  suc- 
cessful operation. 

1.  Stoko^B  Condenser, 

This  apparatus  is  represented  in  Jiff,  636,  and  has  been  found  to  answer  remarkably 
well  at  Langley  mill,  as  the  details  of  an  experiment,  given  on  p.  626  amply  prove. 

A  \B  the  top  of  the  fume-fiue ;  B  is  a  wheel  fixed  in  a  metal  case,  set  in  motion  by 
steam  or  water  power,  with  a  speed  of  10,400  revolutions  per  minute,  by  which  the  fume 
is  withdrawn  from  the  fiue  and  forced  through  the  condenser.  This  condenser  is  rect- 
anguUr,  divided  longitudinally  by  wooden  rails.  A,  A,  laid  horizontally,  on  which  a 
layer  of  pebble-stones,  or  other  filtering  material,  is  placed.  The  condenser  is  f^her 
■eparated  into  compartments,  D.  D,  by  the  vertiaal  divisions,  C,  C,  which  alternately 
reiich  the  top,  and  (Up  below  the  sur&ce  of  the  water.  The  water  flows  from  an  open 
trough,  M,  divided  crosswajr^  immediately  above  D  D,  into  the  compartments,  E,  E, 
each  of  wliich  is  again  subdivided  by  four  or  mure  low  parallel  partitions.   The  iKittom 
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LEAD:   ALLOYS.  627—533 

V.  Lead  fbriiis  allojt  with  sarerHl  metalfl  hj  simplo  fusioo. 
And  manj  of  these  alloji  are  definite  chemical  oompoandii,  which  produce  mechanical 
uixtnrea  when  fused  with  either  of  the  oonetitnente  in  ezceee.  This  latter  &ct  hae 
giran  Eiee  to  the  matallnrgical  operation  of  eliqnttion. 

1.  With  Antimony. — ^Lead  allojs  itself  with  this  metal  in  sereral  proportious, 
and  the  alleys  are  harder,  more  tender,  and  oxidise  more  easily  than  lead ;  they  are 
also  more  fusible,  as  well  as  harder  than  either  metal. 

An  alloy  of  equal  parts  of  the  two  metals  is  porous  and  brittle :  2  pts.  of  antimony 
with  1  pt  of  lead  produce  a  rery  hard  alloy,  capable  of  receiving  a  fine  polish,  nnd 
used  to  make  the  keys  of  wind  instruments ;  8  pts.,  and  eren  4  ptsl  of  antimony  to 
1  pt,  of  lead  produce  a  hard  but  malleable  alloy.  An  alloy  of  lead  and  antimony  is 
Qi»«d  in  making  t^p^-metal,  a  little  sine  being  sometimes  added.  Some  type-founders 
add  f  pt.  of  tin,  but  this  addition  is  only  suitable  for  stereotype  plates.  The  plate  on 
which  music  is  printed  is  composed  of  12  pts.  tin,  7  lead,  and  1  antimony.  The 
ordinary  composition  of  type-metal  is  83  pts.  lead  and  17  antimony. 

£mery  wheels  and  grinding  tools  for  the  lapidary  are  formed  of  an  aUoy  of  antimony 
and  lead. 

Mr.  Jas.  Nasmyth  has  suggested  the  use  of  lead  as  a  substitute  for  all  works  of  art 
hitherto  executed  in  bronse  or  marble.  He  states  that  the  addition  of  6  per  cent,  of 
antimony  gives  it  not  only  hardness,  but  greater  capabilitv  to  run  into  the  most  delicate 
parts  of  the  work.  An  alloy  of  this  description,  analysed  by  Karsten,  and  correspond- 
ing with  the  formula  Pb*Sb,  was  found  on  the  hearth  of  a  smelting  furnace  at  the 
Hnldar  Works:  it  contained  9010  p.c  Pb,  6*48  Sb,  1-42  Zn,  1*60  Cd,  024  Ag,  and 
tn«es  of  Ki,  As,  and  S. 

3.  With  Arsenic. — The  presence  of  this  substance  renders  lead  brittle,  greyish 
white,  and  veiy  fusible.  The  application  of  heat  expels  a  portion  of  the  arsenic,  but 
the  remainder  resists  the  hi^iest  temperature. 

This  alloy  constitutes  the  metal  of  which  shot  are  cast,  40  lbs.  of  metallic  arsenic 
being  mixed  with  20  cwt  of  lead.  It  also  exists  native  at  Clausthal  in  the  Hartz, 
and  IS  composed  of  67'63  p.c.  Pb,  2419  As,  4*41  mispickel  FeAsS,  2*26  Fe,  0-54  S, 
and  0-7  Co. 

3.  With  Bismuth. — This  metal  unites  with  lead  in  all  proportions,  with  condensa- 
tion. Some  of  the  alloys  are  more  malleable  than  lead,  but  the  malleability  diminishes 
as  soon  as  the  quantity  of  bismuth  equals  that  of  the  lead. 

When  3  at.  lead  are  united  to  2  at.  bismuth,  the  mixture  has  only  one  solidifying 
point,  via.  129"^  C,  but  in  PbBi,  this  point  is  ue**;  in  PbBi*  it  is  143^  and  with 
Pb«Bi«  the  temperature  is  between  163®  and  171°. 

These  alloys  have  no  special  application  in  the  arts,  but  Ihey  are  used  to  adulterate 
nercnry.  An  alloy  of  1  pt  leM,  1  pt  bismuth,  and  3  pts.  mercury,  is  really  an 
amalgam,  which  is  sufficiently  fluid  tu  pass  through  chamois  leather. 

An  amalgam  of  2  pts.  bismuth,  4  pts.  lead,  and  1  pt  mercury,  is  solid  in  the  cold, 
but  when  pieces  of  it  are  rubbed  together,  the^  immediately  melt 

Lead  and  bismuth  occur  assodated  in  nature,in  the  mineral  Kobeilite,  already  described 
(p.  448). 

4.  With  Bismuth  and  Antimony. — ^When  antimony  is  added  to  the  previous 
alloy  in  quantity  equal  to  the  bismuth,  a  metal  is  obtained  which  expands  on  cooling. 
Advantage  is  taken  of  this  in  casting  stereotype  plates.  This  alloy,  according  to 
Mackenzie,  contains  70  p.c.  lead,  16  antimony,  and  15  bismuth. 

5.  With  Chromium. — The  alloy  which  contains  0*26  of  chromium  is  fusible  at 
150®  C,  ashy-grey,  but  whiter  than  lead.  It  can  be  hammered  into  thin  sheets,  which 
are  very  brittle.    Nitric  acid  dissolves  the  lead  without  attacking  the  chromium. 

6.  With  Copper. — The  alloys  of  lead  and  copper  are  difficult  to  prepare  and  to  pre- 
serve at  a  high  temperature.  The  copper  must  be  introduced  into  a  bath  of  lead 
heated  above  redness,  and  the  alloy  rapidly  cooled ;  even  then  some  portions  are 
reddish-coloured,  indicating  the  commencement  of  a  disunion  of  the  elements.  If  the 
alloy  is  heated  to  the  melting  point  of  lead,  the  latter  abandons  the  copper,  which  is 
left  in  the  form  of  a  porous  mass. 

The  pocees  of  eliquation  is  founded  upon  this  fact,  and  as  the  silver  present  in  the 
copper  has  a  great  affinity  for  the  lead,  the  latter  carries  off  the  silver,  which  is  sepa- 
rated in  the  manner  already  described  (iL  32). 

In  smelting  sulphide  of  copper  containing  sulphide  of  lead,  the  latter  metal  passes 
off  in  great  measure  in  the  scoria  in  the  fir«t  operations,  but  is  found  in  the  copper 
o€  the  snbsequMit  treatment 
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eanlifloww  excrefleences.  This  action  appears  to  be  dae  to  the  affinity  which  exists 
between  the  two  oxides.  The  oxides  so  formed,  when  ftised  either  alone  or  with  silica 
and  an  aDcali,  produce  a  white  opaque  enamel  used  for  dial-plates,  &e,,  and  also  in 
earthenware. 

The  $older$  used  by  plumbers  Tarr  much  in  composition,  but  there  are  three  com- 
monly known  ii»fine  sclder,  composed  of  2  pts.  of  tin  and  1  pt.  of  lead  ;  ctnnmtm  Bolder, 
containing  equal  pts.  pf  each  mistal ;  and  coarte  solder,  composed  of  2  pts.  of  lead  to 
1  pt  of  tin.  Tomlinson  gives  the  following  table  of  the  composition  of  these  alloys 
and  their  melting  points: — 

Tin.       Levi.    Hdtlng  Point.  Tin.       Lead.   Mdttng  Point. 


No.  1. 

25 

658° 

Na  7. 

^          1 

i    8340 

n     2. 

10 

541 

n   8. 

2     ] 

I     340 

..  3. 

5 

611 

..   ». 

8     1 

I    866 

..  4. 

3 

482 

,.  10. 

4     1 

I    366 

»  5. 

2 

441 

,.  11. 

6     1 

I    378 

..  6. 

1 

870 

..  12. 

8     1 

I    381 

Na  5  is  also  called  plnmber*s  sealed  solder^  which  is  assayed  in  the  same  way  as 
pewter,  and  then  stamped  by  the  officer  of  the  Plumbers'  Company.  No.  8  is  used  for 
Bolderinff  east  iron  and  steel,  sal-ammoniac  or  common  resin  being  used  as  flux. 
This  aUoT  is  also  used  for  tinned  iron,  with  chloride  of  sine  or  resin  as  the 
flux.  Gold  and  silyer  are  also  soldered  with  No.  8,  and  Venice  turpentine  for  a  flux. 
The  same  alloy  is  used  with  copper,  brass,  gilding  metal,  sun  metal,  &c.,  and  sal- 
ammoniac,  chloride  of  zinc,  or  resm  as  the  flux ;  with  zinc,  and  chloride  of  zinc  as  flux; 
with  lead  and  tin  pipes,  with  a  mixture  of  sweet  oil  and  resin  as  flux ;  with  Britannia 
metal,  and  chloride  of  zinc  or  resin  as  flux.  The  alloys  4  to  8  are  used  for  ordinary 
phunber^s  work,  with  tallow  as  flux. 

iVt(r<#r  is  another  alloy  of  these  metals,  and  the  trade  in  this  article  is  so  important 
in  this  conntiy,  that  the  pewterers  hare  formed  an  incorporated  company  erer  since 
1474. 

Common  pewter  is  composed  of  80  pts.  of  lead  and  20  pts  of  tin,  but  other  metals 
are  sometimes  added,  such  as  copper,  antimony,  and  zinc.  The  manufacturers  of 
pwter  state  that  a  better  pewter  is  obtained  by  working  up  old  pewter  with  fresh 
mffredients. 

Holtzapfel  gives  the  following  account  of  these  alloys : — '* Some  pewters  are  now 
made  as  nearly  as  common  as  that  of  equal  parts  of  the  metals :  when  cast  they  are 
black,  shining  and  soft ;  when  turned,  dark  and  bluish.  Other  pewters  only  contain 
I  or  I  of  lead;  these,  when  cast,  are  white,  without  gloss,  and  hard;  sudi  are  pro- 
nounced very  good  metal,  and  are  but  little  darker  tham  tin.  The  French  legislature 
sanctions  the  employment  of  18  per  cent  of  lead  with  82  per  cent  of  tin,  as  quite 
harmless  in  Tessets  for  wine  and  vinegar.  The  finest  pewter,  frequently  called  tin  and 
temper^  consists  mostly  of  tin,  with  a  very  little  copper,  which  makes  it  hard  and 
somewhat  sonorous,  but  the  pewter  becomes  brown-coloured  when  the  copper  is  in 
excess.  The  copper  is  melted,  and  twice  its  weight  of  tin  is  added  to  it,  and  from 
about  ^  to  71bs.  of  this  alloy,  or  the  temper,  are  mlded  to  every  block  of  tin  weighing 
from  360  to  390lbs.  Antimony  is  said  to  harden  tin,  and  to  preserve  a  more  suvery 
colour,  but  is  little  used  in  pewter.  Zinc  is  employed  to  cleanse  the  metal,  rather  than 
as  an  ingredient  Some  stir  the  fluid  pewter  with  a  thin  strip,  half  zinc  and  half  tin; 
others  allow  a  small  lump  of  zinc  to  float  on  the  sur£ice  of  the  fluid  metal,  while  they 
arp  casting  to  lessen  the  oxidation." 

Piaie  pewter  is  the  hardest,  and  is  used  for  making  plates  and  dishes.  The  pewter 
called  trifle  is  used  for  beer-pots,  and  ley  for  the  lareer  wine  measures. 

Pewter  wares  are  formed  either  by  hammering  or  by  casting,  plates  and  dishes  being 
hammered,  while  measures  and  spoons  are  cast  Pewter  is  also  made  in  the  fbrm  of 
sheets  for  engraving  cheap  music,  the  softness  of  the  metal  allowing  the  notes  to  be 
formed  by  means  of  punches,  instead  of  engraving  with  a  burin. 

Lapidaries,  jewellers,  and  watchmakers  use  laps  and  polishers  of  pewter. 

Although  lead  is  so  poisonous  a  metal,  it  can  be  employed  in  domestic  ntensils, 
when  alloyed  with  tin,  which  would  appear  to  neutralise  this  action  of  the  lead.  In 
an  aUoy  d  3  pts.  of  lead  and  1  pt  of  tin,  Proust  and  other  chemists  have  found  that 
vinegar  dissolves  out  nothing  but  the  tin ;  but  for  domestic  utensils,  Vauquelin  has 
shown  that  the  lead  ought  not  to  exceed  17  or  18  per  cent  An  alloy  of  3  pts.  of  lead 
and  6  pts.  of  tin  is  used  for  tinning  certain  articles  of  copper. 

The  brilliants  of  Faklun  are  n^e  with  an  alloy  of  19  pts.  of  lead  and  29  pts.  of 
tin,  which  are  fused  together  and  allowed  to  cool  for  a  short  time.  At  this  point  the 
alloy  adheres  to  a  glitfs  tube  cut  into  facets,  on  which  it  is  allowed  to  sohdify,  and 
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omiCh. 

LMd. 

Tin. 

Melting  Point. 

Bimuth. 

Lead. 

Tin. 

Malting  Point 

8 

16 

16 

140-80O  C. 

8 

28 

24 

16300O  C 

8 

16 

18 

14410 

8 

30 

24 

170-60 

8 

16 

20 

147-40 

8 

32 

24 

17600 

8 

16 

22 

162-80 

8 

32 

28 

16500 

8 

16 

24 

16400 

8 

32 

30 

163-90 

8 

18 

24 

162-90 

8 

32 

32 

158-40 

8 

20 

24 

161-90 

8 

82 

34 

157-30 

8 

22 

24 

161-80 

8 

32 

36 

158-40 

8 

24 

24 

162-90 

8 

32 

88 

169-60 

8 

26 

24 

168-40 

8 

32 

40 

160-60 

It  18  remarkable  that  the  tin,  which  melU  be^ow  the  twang  points  of  both  lead  and 
bismnth,  shonld  raise  the  meltmg  point  of  these  alloys. 

These  alloys  are  of  great  yalue  in  regulating  the  tempering  of  delicate  articles  of 
entleiy.  They  are  also  nsed  for  taking  impressions  of  medals,  bas-relie&,  and  on 
the  Continent  for  producing  casts  of  metals  by  the  eiicJU  process.  They  can  also  be 
employed  to  take  casts  from  the  surface  of  wood  and  embossed  paper.  Beautiful 
casts  of  the  internal  ear,  showing  the  complexities  of  its  bony  cayities,  have  been  made 
with  them ;  also  cake-moulds  for  the  manufacture  of  toilet  soaps. 

Two  of  these  alloys  are  well  known  in  this  country  under  the  names  of  Britannia 
fnetai  and  Queen* 9  metal.  The  former  is  composed  of  equal  parts  of  brass,  tin,  auti- 
mony  and  bismuth ;  the  latter  of  1  part  each  of  antimony,  lead  and  bismuth,  with 
9  parts  of  tin.    Both  are  used  for  making  teapots,  spoons,  &c 

A  safer  and  better  alloy  is  said  to  be  made  by  adding  to  100  pts.  of  French  pewter, 
6  pts.  antimony  and  6  pts.  brass,  to  harden  it. 

In  Birmingham,  teapots,  milk-jugs,  &c  are  made  into  form  by  a  process  called 
spinning,  which  consists  in  brtngmg  the  sheet  of  pewter  against  a  rapidly  rerolTing 
tool,  by  which,  with  a  little  dexterity  on  the  part  of  the  workman,  it  is  gradually 
fashioned. 

13.  With  Tin,  Mercury,  and  Bismuth. — The  addition  of  mercury  to  the  three 
metals  forming  the  previous  alloys  renders  them  much  more  fusible,  and  commuuieat^^s 
Fome  new  properties. 

D'Arcet's  aUoy,  similar  to  Newton's,  when  amalgamated  with  mercury,  melts  at  46^  C. 
This  alloy  or  amalgam  is  specially  Tulnable  in  making  anatomical  preparations.  It  is 
introduced  into  the  parts  of  the  body  in  the  liquid  state,  and  allowed  to  solidify.  The 
flesh  and  other  animal  matters  are  afterwards  dissolved  and  removed  by  a  strong 
solution  of  ^tash. 

The  interior  of  glass  tubes,  globes,  &c  are  tinned  by  means  of  this  amalgam,  which 
ifl  poured  into  the  vessel  by  means  of  a  funnel,  in  the  liquid  state,  and  gently  amtated. 
The  surplus  is  then  pou^d  oflf,  and  the  operation  is  complete.  Glass  of  different 
colours  is  employed,  and  objects  of  great  beauty  are  thus  easily  prepared. 

The  best  compound  is  composed  of  1  pt.  lead,  1  tin,  2  bismuth,  and  10  mercury. 
The  ftrst  three  are  fused  together,  and  then  the  mercury  is  added. 

14.  With  Tin  and  Copper. — ^An  alloy  of  these  metals  was  used  by  the  Romans  for 
casting  statues,  &c  It  was  formed  of  67-12  per  cent  natural  bronze,  2237  old  bronze, 
6-26  tin,  and  626  lead. 

Bronze  is  made  of  copper  and  tin,  to  which  some  manufacturers  add  a  little  lead, 
and  in  the  analyses  of  several  ancient  coins  by  Phillips,  lead  appears  to  have  been  an 
important  constituent.    (See  Table,  vol.  ii.  p.  46.)  ^ 

When  lead  is  mixed  with  copper  in  the  proportion  to  6  to  1,  ordinary  pot-metal  is 
formed,  called  dry  pot-metal,  a  quality  which  is  characteristic  of  these  alloys. 

BriHsk  beU-metal  consists  of  66  per  cent,  zinc^  10-1  tin,  4-3  lead,  and  800 
copper. 

Biddery  ware  is  made  in  India  by  combining  2  pts.  of  tin,  4  pts.  lead,  and  16  pts. 
copper,  and  is  afterwards  melted  in  the  proportion  of  3  pts.  to  16  pts.  of  zinc. 

The  other  alloys  of  copper  to  which  small  quantities  of  lead  are  added  are  described 
in  another  part  of  this  dictionary. 

16.  With  Zinc — This  metal  communicates  hardness  to  lead,  and  the  property  of 
reeeiving  a  fine  polish,  without  diminishing  the  malleability.  The  two  metals  may  be 
fused  in  any  proportion,  but  the  alloys  are  all  decomposed  at  a  white  heat,  the  zinc 
being  volatilised,  and  carrying  off  with  it  large  quantities  of  the  lead. 

The  presence  of  lead  in  zinc,  however,  is^  said  to  be  injurious  to  the  latter  metal 
when  rolled  into  sheets,  diminishing  its  elasticity  and  probably  its  tenacity. 

When  equal  quantities  of  lead,  etnc,  and  bismuth  are  fused,  an  alloy  is  obtained  which 
Bella  in  boiling  water. 
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fissttTed  mass  of  ipeciflc  grayitj  5*8,  formerly  called  horn -lead.  When  heated  in 
contact  with  the  air,  it  fnmee  strong]/  before  the  heat  rises  to  redness,  then  turns 
yellow,  and  is  converted  into  an  ozychioride  (p.  666).  When  it  is  heated  in  a  stream 
of  emrionie  oxide,  chloride  of  carbonyl  (phosgene)  COCl',  is  formed,  and  metallie  lead 
is  separated  (Gobel).  It  quickly  absorbs  ammonia-^aa.  When  it  is  moderately 
heated  in  pkospkoreUed  hydrogen  gat,  hydrochloric  add  is  giren  off,  phosphorus  distils 
over,  and  metallic  lead  remains.  A  solution  of  hypockhrout  add  conrerts  it  into 
peroxide  of  lead^ 

Acetoehloridt    of    lead,    Pb''Cl«.Pb''(0»H«0«)*,    or    Plumboehloraeetin, 

-pL'icv  "*  <^^^^^^  '^^  monoclinic  crystals,  by  mixing  recently  prsdpitated  chloride 
of  lead  with  acetate  of  lead,  and  a  sufficient  quantity  of  glacial  acetic  add  to  form  a 
viscid  mass,  which  solidifies  in  a  short  time,  and  either  fireeing  this  mass  from  excess 
of  acetic  acid  by  pressure,  or  heating  it  in  a  sealed  tube  to  130^  or  140** ; — or  together 
with  acetate  of  ethyl,  by  the  action  of  acetate  of  lead  on  chloride  of  ethyL  It  dissolves, 
though  with  difficulty,  in  acetic  acid  without  decomposition,  but  is  decomposed  by  water, 
with  separation  of  a  small  quantity  of  lead-chloride,  and  formation  of  the  compound 

Pb'Cl*.8Pb*'(C«HK)«)«  or  » ,  [cr  ^^^  diwolves  in  the  water,  and  may  be  re- 
crystallised  without  decomposition.  It  is  decomposed,  however,  by  gladal  acetic  add, 
which  leaves  the  original  compound.    The  compound,  p,#^    >Qp  is  analogous  to  glyoolic 

chloracetin,  /Q2H«r(ci  ^^^'  ^^^'  ^^^  ^^^  therefore  be  called  plumboehloraeetin. 
(Carius,  Ann.  Ch.  Pharm.  cxxvii.  87.) 

(C0)%  ot 
%MA3^  OB&omOCAmaoWATa  OV.    2FbGLFb*G0*,  or       .     I  ^j^— This 

componad  is  produced  as  a  white  insoluble  powder,  by  boiling  1  at.  carbonate  of  lead 
with  2  at.  (or  more)  of  the  chloride,  and  water.  It  also  occurs  native,  though  rarely, 
as  corneous  lead  or  kerasin,  in  acute  quadratic  pyramids  in  which  P  :  P  in  the 
lateral  edges  «  113^  48*,  and  in  the  terminal  edges  »  107^  22^.  Observed  faces 
odPoo  ,  P,  00  P,  P  and  others.  Cleavage  distinct  parallel  to  ooP.  The  mineral  likewise 
occurs  in  botiyoidal  and  stalactitic  forms.  Hardness  »  2*6  to  3*0.  Spadftc  gravity 
■>  6*0  to  6*1 .  Colour  white,  grey,  and  yellow.  Streak  white.  Transparent  to  translu- 
cent. Fracture  conchouiaL  Bather  sectile.  It  occurs  at  Crawford,  near  Matlock  in 
Derbyshire,  in  minute  oystals  at  a  lead  mine  near  Elgin  in  Scotland,  and  at  Tamowitx, 
io  Upper  Sileda,  where  also  large  pseudomorphs  of  lead-carbonate  (cerusite)  ia  the 
form  of  this  mineral  are  found. 

Both  the  natural  and  the  artifldal  compound  fuse  readily,  and  are  converted  at  a 
higher  temperature,  with  loss  of  7*6  per  cent.  CO*,  into  the  oxychloride,  PbCl'.PbO. 

ZdULHf  OBXiOXZOBZBa  OV.  Obtained  in  pale  yellow  four-sided  needles,  from 
a  solution  of  the  iodide  in  boiling  hydrochloric  acid ;  it  is  gradually  decomposed  by 
water,  which  extracts  the  chloride  of  lead.    (Labour^,  J.  Phann.  [3]  iv.  328.) 

&SAJ>,  CB&OHOF&VO&Ioa  or.  PbClF.— Formed  by  precipitating  aqueous 
flooride  of  sodium  with  a  boiling  solution  of  chloride  of  lead,  or  with  a  mixture  of 
acetate  of  lead  and  chloride  of  sodium.  It  is  a  white  powder,  which  melts  when 
heated,  without  giving  off  water  or  acid.  Dissolves  in  water  without  decomposition, 
and  easily  in  nitric  add.    (Berselius.) 

&&a9«  <ni&OSOnos»BATa  OV.  When  a  boiling  solution  of  chloride  of 
lead  is  poured  into  a  boiling  solution  of  phosphate  of  sodium,  Sie  latter  being  in  excess, 
a  predpitate  containing  PbCl*  J*b"(PO*)'^'0  is  formed,  insoluble  in  water,  but  soluble 
in  uitnc  add,  which  converts  it  into  a  nitrophosphate  (fleints,  Pogg.  Ann.  Ixxiii. 
122).  When,  on  the  contrary,  a  boiling  solution  of  phosphate  of  somum  is  poured 
into  an  excess  of  chloride  of  lead,  a  predpitate  is  formed  which,  according  to  Hei  n  ts, 
is  composed  of  PbCl«.2Pb«(P0«)»,  but  according  to  Ger  bar  dt  (Ann.  Ch.  Phys.  [3]  xxii. 
606),  of  PbCP.Pb'H*(PO«)*.  The  same  compound  is  formed  when  a  soluble  phosphate 
19  precipitate  by  a  lead-solution  in  presence  of  a  soluble  chloride. 

The  compound  PbCl*.3Pb'(P0«)* occurs  native  as  pyromorphite,  sometimes  pure, 
sometimes  naving  part  of  the  phosphorus  replaced  by  arsenic,  sometimes  associated 
with  fluoride  and  phosphate  of  calcium.    (See  Ptbomobphitb.) 

JJULUt  CK&oaOVBOSVBXTB  OV.  Lead-salts  added  to  a  solution  of  alkaline 
phosphite,  obtained  by  dissolving  trichloride  of  phosphorus  in  water,  and  neutralising 
with  an  alkali,  throw  down  a  precipitate  containing  a  compound  of  chloride  and  phos- 
phite of  lead,  f^m  which  boiling  water  extracts  the  former. 


Digitized  by 


Google 


Digitized  by 


Google 


LEAD:  ESTTMATION.  6AI 

Folum€iric  miikodi. — Mkdj  mcthoda  have  been  proposed  for  tbo  Tohiinetrio 
•stimatioB  of  lead,  bat  Um  sreatcr  number  giTe  only  approxunnto  rMolts.  1.  Floret 
Domoote  adds  to  Um  leaa-aolBtkm  a  quantity  of  caustic  potaah  or  soda  sufficient  to 
rediseolTe  the  lead-oxide  at  first  precipitated,  and  then  adds  to  the  boiling  liqaid  from 
m  barette,  agradnated  iokitioii  of  sulpiide  o/todium  as  long  as  a  prrdpitate  is  thereby 
pffodnced.  The  greater  part  of  the  sulphide  of  lead  cakes  toother,  but  the  liauid 
rnaains  browni«h,  so  thiU  it  is  difficult  to  see  when  the  precipitation  is  complete. 
The  method  is,  howe?er,  useful  for  technical  purposea.  The  strength  of  the  solution 
of  sulphide  of  sodium  must  be  determined  ereiy  two  days. 

2.  li  arguar  it  te  adds  to  an  alkaline  lead-solution,  a  graduated  solution  of  jMniuiM- 
^naU  qfpotaamm,  which  throws  down  the  peroxides  of  lead  and  manganese,  con* 
tinaing  the  addition  till  the  liquid  exhibits  a  permanent  green  colour.  The  solution 
bumps  Tcry  stiongly  when  boiled,  and  the  ready  alterability  of  the  solution  of  the 
pemangaimte  necessitates  frequent  titration. 

S.  Pappenheim,  according  to  Mohr,  adds  to  the  lead-solution  a  graduated  solu- 
tion of  nUphaU  offUamwm^  till  the  liquid  no  longer  produces  a  yellow  spot  of  iodide 
of  lead  on  paper  prepared  with  solution  of  iodide  of  potassium.  This  method  yields 
nearly  exact  results. 

4.  Streng  (Ann.  Ch.  Pharm.  xciL  413)  supersaturates  a  solution  of  a  lead-salt, 
or  sulphate  of  lead  suspended  in  water,  with  potash ;  adds  an  excess  of  solution  of 
vJUoride  of  lime,  and  bous  for  a  while,  whereby  the  lead  is  entirely  conyerted  into  per- 
oxide The  precipitate  is  collected  on  a  filter  and  washed  with  hot  water ;  a  hole  is  then 
made  in  the  bottom  of  the  filter,  and  the  precipitate  washed  through  into  the  reesel  in 
which  it  was  formed ;  solution  of  UtmnouB  Mmde  is  passed  through  the  filter  from  a 
burette  till  all  the  peroxide  of  lead  is  washed  off;  the  filter  is  again  washed  with  hot 
water ;  and  an  excess  of  the  tin-solution  is  added,  whereby  the  peroxide  of  lead  is  con- 
verted into  chloride,  which  is  then  dissolved  by  heating  it  with  water  and  hydro- 
chloric add.  If  the  excess  of  stannous  chloride  in  the  liquid  be  then  determined  by 
moans  of  a  standard  solution  of  chromate  of  potassium,  the  whole  of  the  data  for  ealcu- 
Inti^  the  amount  of  lead  present  in  the  liquid  under  examination  will  be  obtained. 
This  method  is  exact  and  often  conyenient. 

5.  The  following  process,  given  by  Hemp  el  (Jahresber.  1853,  p.  627),  is,  however, 
simpler,  and  has  the  advantage  of  admitting  of  a  double  verification.  The  lead  is 
l-rt'cipitated  with  a  measured  ^uantit^  of  a  graduated  solution  of  oxalic  acid  added  in 
I'Xt'ess ;  the  liquid  is  neutralised  with  ammonia,  and  the  precipitate  coUeoted  on  a 
filter;  the  amount  of  oxalic  acid  in  the  filtrate  is  then  determined  by  means  of  a 
Htandard  solution  of  petTnanganaU  of  potassium,  and  by  deducting  this  amount  from 
the  total  quantity  of  oxalic  add  used,  the  quantity  of  oxalic  add  combined  with  the 
lead  is  found,  and  thence  the  amount  c^  the  lead  may  be  calculated. 

Tlie  result  may  be  checked,  dther  by  digesting  the  predpitate  in  dilute  sulphuric 
acid,  which  sets  the  oxahc  add  free,  and  estimating  the  amount  of  oxalic  add  in 
the  filtrate  with  a  solution  of  permanganate  —  or  by  ifi^iting  and  weighing  the 
precipitate. 

Mohr  completes  the  determination  without  filtration.  He  adds  to  the  solution,  in 
a  fiask  holding  300  cubic  cmtimetres,  a  drop  of  tincture  of  litmus ;  then  adds,  from  a 
bureUe,  a  standard  solution  of  oxalic  add  as  long  as  a  white  predpitate  is  formed ; 
saturates  with  ammonia  till  the  liquid  turns  blue ;  fills  the  fiask  with  water ;  leaves  the 
liquid  to  stand  for  about  half  an  hour  till  it  is  sufficiently  clarified  to  allow  of  100  cubic 
centimetres  being  removed  dear  with  the  pipette ;  and  determines  the  free  oxalic  acid 
therein  by  means  of  a  solution  of  permanganate,  the  quantity  of  which,  multiplied  by 
3,  gives  the  data  required  for  determining  the  quantity  of  oxalic  add  added  in  excess. 
It  appears,  however,  that  a  small  quantity  of  nitrate  of  lead  is  always  predpitated 
together  with  the  oxalate,  so  that  the  quantity  of  oxalic  add  used  always  appears  too 
smaU.  Hohr  estimates  the  errors  thence  arising  at  2  per  cent  (Handw.  d.  Chem. 
2**  Anfi.  ii.  [2]  33).  On  the  whole,  the  volumetric  methods  of  estimating  lead  do  not 
appear  to  be  so  advantageous  as  the  gravimetric  methods. 

IV.  Separation  of  Lead  from  other  MetaU 

From  all  metals,  not  predpitable  as  sulphides  in  add'Solution,  lead  may  be  sepa- 
rated, 'jj  Mong  sulphyarie  acid  ^as  to  satuimtion  through  the  solution,  previously  made 
aaodenitely  add  with  hydrochlonc  or  nitric  add.  The  solution  should  also  be  mode- 
rately dilute.  If  no  other  metal,  predpitable  by  the  gas,  be  present,  the  predpitate 
will  be  sulphide  of  lead  with  an  nncertam  quantity  of  ralphur.  If  this  is  deflagrated 
with  nitre,  and  the  sulphur  estimated  as  sulphate  of  barium,  the  difference  between 
its  weiffht  and  that  of  the  predpitate,  thoroughly  ^ed  at  100**,  will  give  the  lead.  Or, 
by  oxidising  the  predpitate  in  a  porcelain  vessel  with  fuming  nitric  acid,  after  detaching 
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with  a  fpatnlA ;  rinse  Uie  last  traces  off  with  a  little  more  cjanide,  and  replace  it  for 
»  minnte  or  two  in  th<f  fire,  then  take  out  the  cmcible,  and  tap  to  collect  the  lead  into 
m  button. 

B.  Srrond  e^oM.— -Oalena^  pore,  and  mixed  with  gangne,  is  indnded  in  this  daai^ 
'    "  'isereraln 


Cor  the  asMj  of  which  sererai  methods,  more  or  less  aocorate,  are  employed,  i 

1.  Roaadng  the  aaUna^  hv  which  it  is  conrerted  into  oxide,  and  treating  the  pro- 
dnei  as  an  ore  of  the  flist  cUss.  This  process,  besides  being  exceedingly  troublesome^ 
g^T«s  little  more  than  three-fooiths  of  uie  lead  actually  present. 

3.  Fusion  with  3-4  parts  of  alkaline  carbonate;  the  mixture  to  be  heated  slowly 
till  fused,  which  gire*  about  90  per  cent,  of  the  lead  present. 

X,  Fusion  with  carbonate  cf  sodium  and  nitre,  by  which  the  sulphur  of  the  ore  is  re 
moved  as  sulphate  of  potassium;  if  an  excess  of  the  nitrate  is  employed,  a  portion  of  the 
lemd  is  oxidised  and  iotit  Several  assays  must  therefore  be  made  to  discover  the  best 
proportions.  This  process  answers  very  well  for  obtaining  a  button  to  be  afterwards 
anoayed  for  silver,  in  which  case  a  slight  excess  of  nitre  must  be  used  to  ensure  com* 
pl«ie  oxidation  of  the  sulphur,  without  whidi  some  silver  is  liable  to  be  retained  as 
SRilphide  in  the  slag. 

4.  Fusion  with  metaUie  iron^  which  has  been  variously  modified  as  to  details.  The 
oldest  plan  is  that  eiven  hj  Berthier,  in  which  the  galena  is  simply  mixed  with  about 
^O  per  cent  of  findy  divided  iron,  covered  with  a  layer  of  some  flux  and  heated ;  it 
ipves  an  amount  of  metal  7-10  percent  below  that  actually  present  Small  iron 
Bails  are  also  recommended  by  Berthier,  which  is  not  a  satis&ctoiy  process,  as  the 
nails  become  fixed  in  the  button.  Mitchell  suggests  the  use  of  tenpennv  nails; 
Phillips,  of  iron  crucibles,  and  lastly,  a  mixture  of  iron-oxide  with  a  leducmg  fiux. 
Of  these  different  modifications,  the  process  of  Mitchell  is  especially  useftil  on  account 
lie  simplicity  and  accuracy.    We  extract  Mr.  Mitchell's  own  description  in  full : 

"  To  200  flrains  of  finely  pulverised  galena  add  60  of  argol,  and  200  carbonate  of 
eoda ;  place  the  mixture  in  a  crucible,  the  inside  of  which  has  been  smeared  with  black- 
1<^d :  introduce  three  tenpenny  nails  head  downwards;  tap  the  crucible  on  the  mixing 
b«^Dch,  so  that  the  contents  may  occupy  as  little  space  as  may  be ;  cover  with  about 
200  grains  of  salt,  over  that  20O  grains  of  borax.  Prepare  two  crucibles  thus,  place 
them  in  the  furnace,  and  raise  the  heat  rapidly  to  nearly  a  bright  red ;  uncover  the 
furnace,  and  allow  the  crucibles  to  remain  for  S-10  minutes ;  again  cover  the  furnace 
and  raise  to  a  bright  red:  the  crucibles  will  then  be  readv  for  removaL  Besides  the 
time  occupied,  the  termination  of  the  assa^  may  be  judged  by  the  fiux  fiowins  smoothly. 
When  this  occurs,  seize  hold  of  the  cruable  with  the  laige  longs,  and  with  a  smaller 
TKiir  take  hold  of  one  of  the  nails ;  rinse  it  well  in  the  flux  to  remove  any  small  glo- 
bules cf  lead ;  and  then  reject  it  The  two  other  nails  are  to  be  treated  in  the  same 
way,  the  crucible  removed,  tapped  on  the  furnace  top  to  collect  all  globules,  and  set 
aiside  to  cooL  So  also  with  the  second  crucible.  Wben  cold  they  are  broken,  &c,  as 
osiial ;  the  assays  should  correspond  within  one-eighth  of  a  grain." 

The  following  is  an  account  m  the  process  emploved  in  the  lead-works  of  North  and 
Soath  Wales,  as  an  example  of  the  rougher  methods  often  adopted  in  smelting  works 
with  good  practical  results. 

In  the  Welsh  lead-works,  the  assays  are  generally  made  on  10  ounces  of  the  ore  as 
received,  wet  or  dry.     This  is  melted  in  a  stout  iron  dish  j^  ^^ 

{fig.  637)  with  a  cover,  in  a  smithy  flre ;  when  melted,  the  ^ly^w?. 

slag  is  skimmed  back  and  the  produce  weighed,  each 
onnc«*  representing  10  per  cent,  and  each  dwt  ^percent 
In  the  assay  of  galenas,  some  modiflcation  may  be  re- 
quired ;  according  to  Mitchell,  by  fusing  antimonial  ga-  | 
lenas  with  carbonate  of  sodium,  pure  lead  is  obtained, 
but  with  black  flux,  the  lead  contains  much  antimony; 
and  if  iron,  either  alone  or  mixed  with  black  flux,  be  em- 
ployed, all  the  antimony  is  obtained  with  the  lead ;  but 
repeated  tentative  assays  must  be  made  to  obtain  the  best  possible  result  When  a 
lead  ore  contains  oxidised  compounds  of  sulphur  and  arsenic,  reducers  alone  will  not 
answer ;  but  if  thev  are  mixed  with  an  alkaline  carbonate  and  metallic  iron,  good 
results  are  obtained.  The  assay  may  be  conducted  as  in  Mitchell's  process  fSor  ga- 
lenas. 

A  notable  loss  of  lead  is  sustained  in  all  the  above  processes,  arising  chieflv  from 
the  volatility  of  this  metal  and  its  oxide:  hence  the  necessity  of  making  aU  lead- 
assays  at  the  lowest  temperature  compatible  with  perfect  fusion,  and  of  not  keeping 
the  assay  in  the  furnace  longer  than  is  actually  necessaiy.  An  error  in  the  opposite 
direction  may  arise  from  the  presence  of  foreign  metals  in  the  ore,  which  are  more  or 
Inw  complete] V  reduced  and  alloyed  with  the  lead,  increasing  its  weight ;  such,  for 
example,  as  silver,  copper,  tin,  or  antimony.    Zinc  is  completely  removed  if  the  heat 
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The  temperfttnre  vboiild  be  the  lowest  at  which  the  aseaj  willproceed  steadily,  as  a 
■ensible  amoant  of  silver  is  Tolatilised  with  the  Taponr  of  lead.  Tne  temperature,  on  the 
other  hand,  must  not  be  reduced  too  low,  as  the  absorption  of  the  lithaise  bjthie  cupel 
is  then  impeded.*  Again,  the  draught,  if  too  rapid,  cools  the  cupel  uiKralj,  and  if  too 
•low,  does  not  effect  the  oxidation  with  sufficient  rapidity,  thereby  increasing  the  loss* 
by  Tolatilisation.  Further,  itke  absolute  quantity  of  silver  remaining  the  same,  if  the 
quantity  of  lead  be  much  increased,  the  loss  in  silver  will  be  greater.  But,  if  the 
•ilTer-lead  be  veir  rich,  a  loss  will  arise  from  the  absorption  of  the  alloy  into  the  pores 
of  the  cupeL  When  the  heat  is  too  great,  the  cupels  are  whitish  and  the  metallic 
matter  they  oootaiii  oan  scarcely  be  seen ;  the  fbme  is  scarcely  risible,  and  rises  rapidly 

i^.  638.  Fiff,  689. 


to  the  arch  of  the  muffle.  When  the  heat  is  not  strong  enon^  the  smoke  is  thick 
and  heavy,  falling  in  the  muffle,  and  the  litharge  can  be  seen  forming  lumps  and  scales 
about  the  assay.  When  the  heat  is  properly  managed,  the  cupel  is  red,  and  the  fused 
metal  luminous  and  clear. 

Lastly,  a  source  of  loss  arises  from  what  is  termed  "  vegetation  "  of  the  button, 
which  is  due  to  the  absorption  of  oxygen  by  the  molten  metal.  When  the  metal  is 
cooling,  in  a  button  of  anv  size,  the  surface  cools  and  solidifies  befbre  the  centre  had 
abandoned  its  mechanically  dissolved  gas,  which,  when  it  is  liberated,  forces  its  way 
throoffh  the  external  crust,  raising  it  into  fantastic  arborescent  forms,  which,  once  }*een, 
sufficiently  explain  the  term.  But  as  portions  are  frequently  projected  outwards  by 
the  sudden  action,  it  is  necessary  to  cover  the  cupel,  while  still  hot,  with  a  previously 
heated  old  cupel  to  secure  its  very  gradual  cooling.  It  is  only,  however,  in  the  case 
of  buttons  much  larger  than  a  pin's  head  that  this  precaution  is  essential  The 
weight  of  the  cupel  ought  to  be  about  one-third  greater  than  that  of  the  lead  to  be 
cupelled ;  a  good  cupel  will  absorb  its  own  weight  of  litharge  under  ordinary  circum- 
stances. 

Lead  is  not  the  only  metal  which  may  be  separated  from  silver  by  this  process. 
Bismuth  may  be  perfectly  '*  cupelled,"  and  copper,  antimony,  iron,  tin,  &c,  may  be 
*'  passed  "  by  the  addition  of  sufficient  lead  to  carry  their  oxides  into  the  cupel. 

The  following  tables  are  useful  in  an  assay  office,  where  numerous  sssays  are  made 
from  time  to  time,  and  they  are  constructed  for  diffi>rent  weights  cf  lead  cu[)elled,  as 
well  as  the  produce  per  20  cwt.  or  ton  and  per  21  ewt.  or  fodder  of  lead: — 
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be  regarded  as  diatomic,  and  the  protoxide  be  represented  by  the  formula  Pb'O,  then 
the  atomic  weight  is  207*12.  T.  R. 

&BABv  V&VOXZBa  OF9  FbF*,  is  obtained  by  precipitating  acetate  of  lead  with 
hydrofluoric  acid,  or  by  decomposing  carbonate  of  lead  with  the  same  acid,  as  a  whito 
powder,  sparingly  soluble  in  water,  easily  fusible,  soluble  in  hydrochloric  and  in  nitric 
acid,  by  which  it  ie  decomposed  on  evaporation.  When  treated  with  aqueous  ammonia 
or  fused  with  oxide  of  lead,  it  is  conrerted  into  a  more  soluble  oxyf  luoride,  the 
solution  of  which  has  an  astrinsent  taste,  and  on  standing  in  the  air,  deposits  carbo- 
nate of  lead,  mixed  or  combined  with  fluoride  of  lead. 

A  chlorof  luoride  of  lead  has  been  already  described  (p.  539). 

¥«'BAT>,  BTlNROA&UMZMOini.    See  FtXTMBORBSmiTB. 

&SAB9  lOBIBB  OF9  FbP,  is  obtained  by  precipitating  nitrate  of  lead  with 
iodide  of  potassium,  avoiding  an  excess  of  either  salt  It  is  a  precipitate  of  a  fine 
lig:ht  yellow  colour;  soluble  in  1,235  pts.  of  cold  water  (Denort),  and  in  194  pts.  of 
boiling  water,  forming  a  colourless  solution,  whence  it  oystallises  on  coobng  in 
Utixible,  six-sided,  laminar  crystals.  It  is  obtained  in  the  same  form  by  mixing  the 
solutions  of  iodide  of  lead  and  iodide  of  potassium  at  the  boiling  heat.  It  is  not 
more  soluble  in  water  containing  acetic  add  than  in  pure  water.  According  to  Henry, 
it  is  not  quite  insoluble  in  alcohoL  Ether,  according  to  A  Vogel,  extracts  iodine  from 
it,  leaving  oxyiodide  of  lead.  It  dissolves  in  cold,  and  still  more  in  warm  aqueous  sal- 
ammoniac,  and  crystallises  there&om  on  cooling  in  yellowish  white  needles  (Boullay). 
In  caustic  ammonia,  nitrate,  succinate,  carbonate,  and  sulphate  of  ammonium,  it  turns 
white  rW  i  1 1  s  t  e  i  n).  When  boiled  wiUi  the  carbonates  of  the  alkalis  or  alkaline  earths, 
it  jielas  carbonate  of  lead  and  a  soluble  iodide. 

Iodide  of  lead,  when  heated,  turns  reddish-yellow  and  brick-red,  then  red-brown, 
aikI  melts  to  a  liquid  of  the  same  colour,  which  solidifies  to  a  vellow  mass.  When 
fa«ed  in  contact  with  the  air,  it  gives  off  a  part  of  its  iodine,  and  leaves*an  oxyiodide 
of  lead.  It  is  easily  decomposed  by  chlorine.  Zmc  or  iron  boiled  with  it  under 
vater  takes  up  the  iodine  and  precipitates  metallic  lead. 

Iodide  of  Lead  and  ^drogen^  PbP.2HI,  crystallises  from  a  solution  of  iodide  of  lead 
in  warm  aqueous  hydriodic  add,  in  concentrically  grouped,  silky  needles,  which  give 
off  the  whole  of  the  hydriodic  add  when  heated,  and  part  of  it  even  when  exposed  to 
the  air  at  ordinary  temperatures.    The  add  may  also  be  extracted  by  water. 

AmmonUhiodide  of  lead,  or  iodids  of  plumbammonium,  N*H'PbP,  is  obtained  as  a 
white  powder  by  passing  ammonia-gas  for  a  long  time  over  finely-pulverised  iodide  of 
lead,  or  by  digesting  it  at  ordinary  temperatures  with  sal-ammoniac  It  gives  off  its 
ammonia  spontaneously  on  exposure  to  the  air,  and  even  in  an  atmosphere  of  ammonia 
whon  heated. 

Ae$k>-iodide  of  lead,  PbLC«HW)0«,  or  ^J^Ij.  analogous  to  glycolie  iodacetin 

(ii.  668X  is  obtained  in  a  similar  manner  to  tlM  corresponding  chlorine-compound 
(p.  539),  with  which  it  is  isomorphous.    (Carius,  Ann.  Cn.  Phivm.  cxxv.  87.) 

An  iodoeklaridM  of  lead,  Fb*Cl«P,  has  been  already  described  (p.  639). 

An  iodide  of  Imd  and  ammomum  is  formed,  as  a  white  predpitate,  on  adding  iodide 
of  ammonia  in  excess  to  nitrate  of  lead. 

A  compound  of  iodide  of  lead  with  chloride  of  ammonium,  SNH^CIJ^I*  is  obtained 
by  dropping  a  solution  of  neutral  acetate  of  lead  into  a  boiling  mixed  solution  of  ioditle 
of  potassium  and  sal-ammoniac,  as  long  as  no  permanent  predpitate  is  formed.  On 
cooling,  the  double  salt  crystallises  in  slender  yellow,  shining  needles,  which,  however, 
are  decomposed  by  water,  the  sul-ammoniac  dissolving  out  flbrst 

Another  compound,  2NH*Cl.PbI^2HK),  crystallises  in  white  silky  needles. 

Iodides  of  lead  and  potaesium. — When  1  at.  iodide  of  lead  (PbP)  and  1  at.  iodide  of 
potassium  are  dissolved  in  the  smallest  possible  quantity  of  boiling  water,  the  solution 
yields  on  cooling,  lai^e  yellow,  shining,  six-sided  laminse,  having  the  composition 
KLFbP,  and  on  dissolving  these  crystids  in  a  hot  solution  of  iodide  of  potassium, 
white  silkv  needles,  consisting  of  4KIJ'bP,  are  deposited  as  the  liquid  cools.  Both 
salts  are  decomposed  by  water  and  by  alcohol. 

Tt^im  OMMB.  The  following  is  a  list  of  minerals  containing  lead  as  an  essential 
constituent,  and  available,  when  they  occur  in  sufficient  quanti^,  for  the  extraction  of 
the  metal: 


AdcnUte.  Aikinite.  Belonile.  Needle-ore. 

Patrinito.    ^,y,|s>.Bi«S>. 
Alta&flu    Tellurideoflead.    PbTe. 


Aluminata  of  lead  (hydrated).    Plumbo- 
resinite.  "  [o'.6HH). 


Dite.  ^^  [o'.6 
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TeUnride  of  latd :  see  Altaite,  and  Nag- 

yagite. 
TuDgstato  of  lead :  teeStoliito. 

Vanquelinite.    ^[4CrO«. 

Vanadate  of  laad :  see  Bechenite,  Bea- 
doiute,  and  Vanadinite. 


Vanadinke,    3Pb»V«0«.PbCl«. 
Wolchite :  see  Bournonite. 
Wolfenite.    Moljbdate  of  lead. 
White  lead  ore:  see  Cerusita. 

Zinkenite.    PbS.8b«S«  =  "^  I S*. 


A  o7?*  ^  *"  actually  worked  for  lead  hare  been  abreadv  deicribed  (pp.  480, 

481) :  for  the  rest,  see  the  several  articles.— Bespecting  the  wortong  of  lead  ores,  sea 
pp.  481—531 ;  methods  of  assaying  them,  p.  643. 


\  OF.    Lead  fSorms  flye  oxides,  tIs.  : 

TheSnboxide PbH). 

The  Protoxide Pbo/ 

The  Bed  oxide Pb*0*. 

The  Sesqoioxide Pb*0'! 

The  Dioxide  or  Peroxide  ....        PbO*.* 
The  protoxide  is  a  strong  base ;  the  sesqnioxide  and  peroxide  also  unite  with  acids. 
The  red  oxide  is  decomposed  by  most  acids.    All  the  oxides  of  lead  are  easily  reduced 
to  the  metallic  state  by  charcoal  at  a  red  heat. 

Subozlda.  PbH).— This  oxide,  which  was  discovered  by  Belong,  remains  when 
oxalate  of  lead  is  cautiously  heated  in  a  retort  from  which  the  air  is  excluded 
According  to  Pelouze  (Ann.  Ch.  Pharm.  xlii.  209),  the  retort  should  be  heated  in  an 
oil- bath  to  a  temperature  not  exceeding  300°  the  heat  being  continued  as  long  as  any 
gaa  IS  given  off:  the  gas  thus  evolved  is  a  mixture  of  1  vol.  carbonic  oxide  and  3  vol. 
Oil  rbonic  anhydride : 

2PbC«0*  -  PbK)  +  CO  +  3C0«. 

The  whole  is  suffered  to  cool  before  the  suboxide  is  removed.  It  forms  a  black 
powder,  sometimes  dull,  sometimes  having  a  velvety  lustre.  It  contains  no  metallic 
l«ftd,  for  mercuiy  extracts  nothing  from  it,  either  dry  or  under  water ;  neither  does  it 
contain  any  protoxide,  for  the  aqueous  solution  of  acetate  of  lead  does  not  extract  any 
potoxide  from  it  on  boiling.  But  when  heated  to  dull  redness,  out  of  contact  of  air,  it 
la  resolved  into  a  greenish-yellow  mixture  of  lead  and  protoxide  (Boussingault, 
Pe louse).  After  this  treatment^  mercury  extracts  lead  from  the  substance,  and  a 
boiling  solution  of  acetote  of  lead  or  acetic  acid  leaves  the  lead  in  the  form  of  a  net- 
work, which,  when  pressed  together  between  the  fingers,  forms  a  dense  mass  having  the 
metallic  lustre.  The  suboxide  heated  in  the  air  takes  fire,  bums  with  a  glimmering 
li^bt,  and  is  converted  into  protoxide.  Dilute  sulphuric,  nitric,  hydrochloric,  or  acetic 
acid  resolves  it  into  protoxide,  which  combines  with  the  acid,  and  very  finely- 
divided  mt^tallic  lead.  The  same  effect  is  produced  by  a  strong  solution  of  normal 
nitrate  of  lead;  a  dilute  solution,  on  the  contrary,  takes  up  the  whole  of  the  suboxide 
and  forms  bssic  nitrate  of  lead.  The  suboxide,  when  moistened  with  tvat^,  rapidly 
absorbs  oxygen  from  the  air,  and  is  converted  into  the  white  hydrated  protoxide,  the 
ibction  being  attended  with  rise  of  temperature.  A  mixture  of  finely-divided  lead  and 
lithaige  does  not  yield  the  same  result 

The  grey  pellicle  which  forms  upon  lead  exposed  to  the  air,  has  also,  according  to 
Berxelius,  the  oompoeition  PbH). 

Vr«l«jLlde.  Lead-oside.  PbO. — This  oxide  occurs  native  as  lead-ochre,  a 
massive  mineral,  sometimes  with  scaly  crystalline  structure.  Specific  graritv  80. 
Lustre  dnlL  Opaque.  Colour  between  sulphur-  and  orpiment-yellow.  Streak  h'ghter 
than  the  colour.  It  does  not  soil.  It  is  said  to  occur  at  Badenweiler,  in  Baden,  and, 
according  to  Gerolt,  has  been  ejected  from  the  volcanoes  Popocatapetl  and  Iztaccituall, 
in  Mexico.  It  is  found  also  at  other  localities  in  Mexico,  and  at  Austin's  mines,  Wythe 
county,  VirgiDia.     (Dana,  ii.  109.) 

Protoxide  of  lead  is  obtained  pure  by  igniting  the  basic  nitrate,  or  the  carbonate  or 
oxalate  of  lead,  in  a  platinum  crucible,  m  contact  with  the  air,  taking  care  that  the 
oxide  does  not  fuse,  otnerwise  it  will  take  up  metal  from  the  crucible,  and  if  heated  in 
a  porcelain  crucible,  would  take  up  silica.  The  puro  oxide  thus  obtained  has  a  lemon- 
yellow  colour,  and  a  specific  giuvity  of  9*4214. 

On  the  larse  scale,  jHOtoxide  of  lead  is  obtained  in  the  forms  of  massicot  and 
litharge. — 1.  Massicot  is  prepared  b^  heating  lead  to  low  redness  on  a  flat  hearth,  and 
continually  removing  the  film  of  oxide  as  it  forms,  till  the  lead-ash  at  first  obtained  is, 
for  the  most  part,  converted  into  the  yellow  oxide ;  the  latter  is  then  freed  from  the  still 
remaining  metallic  portions  by  grinding  and  levigation. — 2.  Litharge  is  obtained  in  the 
axidation  of  piff4ead  containing  gold  and  silver— the  resulting  lead-oxide,  which  is 
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•^p«nt«d  bj  leTigation  from  the  cryBtalline  granules  of  hydrated  oxide,  which  fidl 
down  at  the  same  time,  then  washed  with  boiling  water,  and  dried  in  tucuo.  When 
United,  ther  do  not  gire  off  any  water — or  only  a  trace  of  it,  with  decrepitation — 
neither  do  tney  lose  their  transparency.  They  may  be  obtaine<l  without  admixture  of 
h3rdnitei,  by  boiling  100  measures  of  a  saturated  solution  of  triplunibic  acetate  with  50 
measures  of  water,  adding  thereto  a  mixture  of  60  measures  of  wntf^r  at  80'^,  and 
8  measures  of  aqueous  ammonia,  and  heating  the  mixture  in  the  water^bath.  In  the 
cotuve  of  a  minute,  crystals  of  the  oxide  separate,  tree  from  hydrate,  Uie  formation  of 
the  latter  being  prevented  by  the  high  temperature  (Pay  en,  Ann.  Ch.  Phys.  [2], 
Ixri.  64). — 6.  Si/  placing  lead  in  contact  with  air  and  water.  On  the  bottom  of  a 
leaden  Tessel  filled  with  water,  there  are  first  formed  a  number  of  white  flakes  of 
hjdrated  basic  carbonate  of  lead,  then  shining  grey  crystals  of  anhydrous  oxide,  partly 
in  scales  like  mica,  partly  in  rhombic  dodccah^rons  with  cube-faces.  VHien  heated, 
they  become  opaque  and  orange-cobured,  but  without  losine  weisht  or  lustre.  (Yor  k  e. 
PhiMag.t3]v.82.)  "^      *» 

The  speafic  ^rity  of  protoxide  of  lead  is  9*20092  (Karsten),  9*277  (Herapathi 
9*363  (Playfair  and  Joule) ;  after  ftision  9*60  (Boullay).  According  to  Leblane 
(Ann.  Ch.  rharm.  Ivi.  236),  the  specific  gravity  of  litharge  is  greater  after  slow  than 
after  quick  solidification.  The  cubical  expansion  between  0^  and  100^  i»  000796. 
At  a  red  heat  it  melts  to  a  clear  dark  red  liquid,  which  solidifies  to  a  reddish -yellow 
crystalline  mass. 

Protoxide  of  lead  unites  readily  with  acids,  forming  neutral  and  reiy  soluble  salts, 
and  likewise  exhibits  a  decided  chlorous  or  negative  reaction  towards  strong  bases. 
It  diraolves  readily  in  caustic  potash  and  soda.  Baryta-waXer  and  lime-water  aJso 
dissolve  it  and  the  lime-oompound  is  said  to  crystallise  in  sparingly  soluble  needles. 
By  boiling  the  protoxide  with  milk  of  lime,  a  liquid  is  obtained  which  may  be  used 
for  producing  a  black  dye  on  hair,  nails,  horn,  andjrood. 

An  oxide  of  lead  and  silver,  Ag'0.2PbO  or  AgfEbK)*,  is  obtained  by  adding  caustic 
potJu*h  to  a  solution  of  a  lead-salt  mixed  with  a  silver-salt,  as  a  yellow  precipitate 
1  uMoluble  in  excess  of  the  alkali,  and  thereby  easily  separated  from  a(hnixed  lead-oxide. 
It  is  eMily  soluble  in  nitric  acid ;  blackens  on  exposure  to  light ;  leaves,  when  ignited, 
a  mixture  of  lead-oxide  and  metallic  silver;  and  when  quietly  heated  in  hydrogen 
gns  is  reduced  to  an  easily  fusible  alloy  of  the  two  metals.  (Wdhler,  Pogg.  J^j\ 
xli.  344.) 

Protoxide  of  lead  dissolves,  according  to  Bineau,  in  7|000  pts.  of  pure  water,  form- 
ing a  solution  which  decomposes  most  salta  of  the  alkali-metals.  The  solubility  is 
greatly  diminished  by  the  presence  of  certain  salts,  e.g.  sulphates,  phosphates  and 
ciirbonates,  and  increased  by  that  of  ammonia  and  its  salts  (p.  47). 

Hydrate,  or  Hydrated  Oxideof  Lead,  is  obtained  on  adding  a  solution  of  neutral 
acetate  of  lead  to  excess  of  ammonia,  as  a  white  amorphoua  precipitate  containing 
3Pl>0.2H*0  (Payen),  or  2PbO.H*0  (Schaf  f  ner).  or,  according  to  older  statemento, 
PbO.UK)  or  PbHH)'.  If  the  solution  be  heated,  the  anhydrous  protoxide  is  formed 
at  the  same  time.  When  lead  is  immersed  in  pure  water,  hydrate  of  lead  is  formed, 
and  partly  dissolves  (v.  B o  n  s d  o r  f  f ).  The  hyorate  precipitated  on  treating  nitrate  or 
acetate  of  lead  with  caustic  potash  is  always  mixed,  according  to  Winkelblech,  with  a 
certain  quantity  of  basic  aalt  According  to  other  statements,  however,  the  acid  which 
it  contains  may  be  completely  removed  by  digestion  with  a  slight  excess  of  alkali. 

The  hydrate  prepared  by  precipitation  with  ammonia,  as  above,  appears  under  the 
microscope  to  be  composed  of  prismatic  oystals.  It  must  be  protected  from  the  air 
during  wpjshing,  otherwise  it  will  absorb  carbonic  acid.  It  retains  its  water  at  lOO'', 
but  gives  it  up  at  a  somewhat  higher  temperature,  and  is  converted  into  the  anhydrous 
protoxide,  which  is  red  while  hot,  yellow  after  cooling. 

Hvdrate  of  lead  takes  up  ammonia,  forminff  the  two  compounds  2NH*  J^bO.HK)  and 
2(NH".4PbO).H*0.    (Calvert,  Compt.  rend.  xxii.  480.) 

aa4  0zldaofl.ead.  Redhead.  Mimmm.  PbH)<a2PbOJ>bO<orPbO.PbK)*.~ 
This  oxide  is  formed  when  the  protoxide  is  kept  at  a  low  red  heat  for  a  considerable 
time  in  contact  with  the  air;  also,  after  previous  formation  of  hydrated  protoxide 
and  basic  carbonate  of  lead,  when  lead-shavings  are  strewn  upon  water,  the  vessel 
being  loosely  covered,  and  then  set  aside  for  some  months,  the  formation  of  red 
lead  taking  place  chieflv  on  those  surfaces  of  the  metal  which  are  exposed  to  the 
air.  In  like  manner,  drawings  made  with  lead  turn  red  in  the  course  of  years. 
(V.  Bonsdorff.) 

The  red  oxide  also  occurs  native  in  certain  localities,  mixed  with  other  ores  of  lead, 
and  probably  resulting  from  their  oxidation,  vis.  at  Bleialf  and  Kail  in  the  SifeU  at 
Badenweiler  in  Baden  ;  at  Brillon  in  Westphalia ;  on  Giassington  Moor,  and  in  Weir- 
dale,  Yorkiihirc;  in  the  Isle  of  Anglesey,  and  at  Austin's  Mine,  Wythe  County, 
Virginia,  where  it  accompanies  cerusite. 
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Imd  iDtomaduito  in  oompodtioD  between  the  proto-  and  peroxidee ;  tat  a  crjstallised 
Tfd  lead  from  a  minhim  ftumace,  analysed  by  Honton-Labillaidi^,  exhibited  the 
•  *    iaPbOJ*bO«. 


I>eetmpaiii»oH$.^U  By  zather  atroiig  ignition,  red  lead  is  Naolred  into  the  prot- 
oxide and  3*4  per  cent,  of  oxygen  gas  (Dnmas).— 2.  By  many  oxidable  bodies,  at 
▼ariooa  temDerataies,  it  is  redooed  to  the  potoxide.  Aqneons  nUpkmrotu  and  nitrotu 
acida,  at  ordinary  temperatores,  oonrert  it  respeetirely  into  sul^iate  and  nitrate  of 
lead ;  nUj^imratm  aeid  acts  Tery  slowly  in  the  cold,  bat  rapidly  on  the  application  of 
heat.  Dtcklaridt  <if  tim  conTerU  it,  with  a  rise  of  tempemtore  of  U^  into  chloride  of 
lead  and  stannic  oxide  (A.  Vogel,  Kasta.  Arch.  xxiiL  84).  It  is  likewise  rednoed 
by  boiling  with  a  solution  of  ntffor,  and  oxidises  manT  organic  adds.  When  3  pts.  of 
red  lead  and  1  pt  oystallised  tartaric  acid  are  mbbed  np  to  a  thin  paste  with  a  small 
quantity  of  water,  the  mixture  becomes  hot  and  whitish,  and  the  odour  of  fonnic  acid 
is  giren  off  rBottger).— 8.  By  a  small  quantity  of  k^roeUorie  oM,  red  lead  is  con- 
rerted  into  chloride  of  lead,  peroxide  of  lead,  and  water: 

IVO*  +  4Ha  -  2Pba«  +  PbO«  +  2H«0. 

By  a  laiyer  quantity  of  hydrochloric  add,  into  chloride  of  lead,  chlorine  gas,  and  water : 

FbHy  +  8HC1  -  8Pba«  +  a«  +  4H«0. 

4.  By  eUanme^waier,  into  chlorine  and  peroxide  of  lead : 

FbK)«  +  a«  -  PbCl«  +  2PbO«. 

Similarly  with  bromiine^iDaUr  (Lowig).     Minium  is  not  decomposed  by  mercurous 
nitrate  or  oxalic  acid.    (LeroL) 

Heated  with  ttrona  niipkurie  acid,  it  yields  sulphate  of  lead  and  free  oxygen*  By 
nitric  add^  dilute  nupkwie  aeid,  and  likewise  by  weaker  adds,  such  as  ordinary  aeetie 
acid,  it  is  resdved  into  protoxide  and  peroxide,  the  former  dissoHng  in  the  form  of  an 
ordinaiT  lead-salt^  while  the  latter  remains  undissolved.  In  glacial  acetic  acid,  however, 
it  dissolves  completdy ;  and  when  considerable  quantities  of  it,  but  not  quite  suffldent 
fur  saturation,  are  dissolved  in  that  acid  at  40^,  the  liquid  on  cooling  depodts  prismatic 
crystals  of  acetate  of  peroxide  of  lead,  while  an  acetate  of  the  sesquioxide  remains  in 
solution  (Jaequelain,  J.  pr.  Gbem.  liiL  161).  According  to  Schonbein  (ibid. 
Ixxxiv.  315),  concentrated  acetic  acid  shaken  up  for  about  16  minutes  with  levigated 
Tninium,  takes  up  about  9  per  cent  of  it,  forming  a  solution  which  is  quickly  decom* 
posed  by  heat  or  by  dilution,  but  appears  to  be  stable  at  — 18^.  Sulphuric  add  added 
to  this  solution  throws  down  all  the  protoxide  of  lead  oontdned  in  it,  leaving  a  pure 
solution  of  acetate  of  peroxide,  whidi  deposits  the  peroxide  slowly  at  ordiiutry  tem- 
peratures, quickly  when  warmed.  Potash  added  to  the  solution  of  mininm  in  acetic 
acid,  throwfe  down,  not  minium,  but  a  mixture  of  the  proto-  and  peroxides,  which 
blues  tincture  of  guaiacum  and  iodised  starch-paste,  reactions  not  produced  by  pure 
minium.  The  solution  of  minium,  and  that  of  tne  pure  peroxide  in  acetic  add,  imme- 
diatdy  decolorise  solution  of  indigo ;  when  shaken  up  with  ftndy  divided  zinc,  iron, 
lead,  copper,  or  even  silver,  they  form  acetates  of  these  metals  and  lose  their  oxidising 
properties.  The  same  solutaons  convert  iodine  into  iodic  add,  sulphurous  acid  into 
sulphuric  add,  sulphide  of  lead  into  sulphate,  and  act  strongly  at  common  tem- 
peratures on  oil  of  turpentine.     (Schonbein.) 

Minium  likewise  dissolves  in  cold  concentrated  aqueous  pho9phoric  and  arsenic  acids, 
forming  salts  of  the  peroxide.    (Jacq  uelai  n.  Ree  p.  666.) 

g6«i«ioxtde  of  Xand*  PbH)*. — Hypochlorite  of  sodium  throws  down  from 
kad-salts,  a  reddish-yellow  mixture  of  sesquioxide  and  chloride  of  lead,  which,  if 
wanned  or  left  to  stand  for  some  time,  turns  brown  from  formation  of  peroxide.  To 
obtain  the  sesquioxide  free  from  chloride,  nitrate  of  lead  is  supersaturated  with  potssh 
in  sufident  quantity  to  redissolve  the  predpitate,  and  then  treated  with  hypochlorite 
of  sodium.  The  yellow  precipitate,  when  washed  and  dried,  yields  a  soft,  non-crys- 
talline, reddish-yeUow  powder,  which  may  be  dried  over  oil  of  vitriol.  At  a  red  heat, 
'  the  sesquioxide  is  resolved  into  6*47  per  cent  of  oxygen  gas,  and  96*63  per  cent  of 
protoxide.  By  oxalic  add  and  by  fonnic  add  it  is  reduced  to  protoxide,  with  evolution 
of  heat  With  nitric,  sulphuric  hydrofluosilidc  and  acetic  adds,  generally  without  the 
application  of  heat,  it  is  converted  into  peroxide  and  a  salt  of  the  protoxide.  It 
dissolves  in  cold  hydrochloric  add,  forming  a  yellow  liquid  from  which  it  is  again  pre- 
dpitated  by  alkalis :  the  liquid,  however,  resolves  itself  in  a  few  minutes  into  chloride 
of  lead  and  free  chlorine.    (Winkelblech,  Ann.  Ch.  Pharm.  IL  176.) 

The  sesquioxide  may  also  be  obtained  by  predpitating  a  solution  of  the  red  oxide  in 
acetic  add  {yid,  stip.)  with  caustic  alkalis  or  alkaline  earbonate^  If  the  fixed  alkalis 
vn  usedy  tfeuB  sesquioxide  always  retains  a  portion  of  the  predpitant  which  cannot  be 
rnnovid  by  washing ;  but  by  pouring  the  acetic  solution  into  very  dilute  ammonia, 
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'rh«  seeqnioxide  and  peroxide  of  lead  also  unite  with  acidi,  bnt  the  8alt«  thence 
Insulting  arp  not  rerj  stable.  Thej  are  produced  bj  the  action  of  certain  acids  on  the 
rwl  oxide  of  lead  (p.  668). 

fcHAtlf  OXTIOBSS  OF.    Fire  of  these  compounds  hare  been  described : 

a,  Pb'IK)  ->  PbP.PbO,  is  obtained,  according  to  Brand es  and  Kiihne  (Pharm. 
Centralbl.  1847,  p.  d93X  by  precipitating  acetate  of  lead  with  iodide  of  potassium. 
Denot  (J.  Pharm.  xx.  1)  uses  a  solution  of  the  neutral  acetate  mixed  witn  a  small 
qaantity  of  basic  acetate,  and  dissolTes  out  the  iodide  of  lead  contained  in  the  preci- 
pitate with  water.  The  same  compound  is  said  to  be  formed  when  iodide  of  lead  is 
oigested  for  some  time  in  a  solution  of  the  neutral  acetate.  Acetic  acid  is  said  to 
dit«olve  out  the  oxide  of  lead  firom  this  compound,  leaving  the  iodide.  By  immersion 
in  solution  of  iodide  nf  potassium  it  is  converted  into  iodide  of  lead.  It  contains  1  at. 
water,  which  is  given  off  at  100®  (Kuhne),  at  200**  (Denot).  It  melts  with  partial 
decomposition  at  300^,  and  solidifies  to  a  clear  yellow  glass  on  cooling. 

b.  Pb«PO.H'0  «=  PbP.2PbO.HH),  is  obtained,  according  to  Kiihne,  by  digesting 
krigated  oxide  of  lead  with  a  boiling  solution  of  iodide  of  potassium  as  long  as  it  oon- 
timies  to  increase  in  weight  B^  precipitating  basic  acetate  of  lead  with  io<Ude  of 
potassium,  Kiihne  obtained  nothing  but  the  compound  a,  whereas  Denot  states  that 
eomponnds  containing  2  at.  and  6  at  oxide  of  lead  to  1  at  iodide  are  obtained  by  pre- 
cipitating iodide  of  potassium  with  dibasic  or  pentabasic  acetate  of  lead. 

0.  PbI^aPb0.2HK).— Obtained  by  tMaling  a  boiling  solution  of  iodide  of  lead  with 
caostie  ammonia.    (K  ti  h n  e.) 

d,  PbP.2PbOJ>b*0*  (?).— This  is  a  wine-red  compound,  obtained  by  triturating 
recently  precipitated  hydrate  of  lead  with  a  fourth  of  its  weight  of  iodine^  and  boiling 
with  water  as  long  as  ftunes  of  iodine  are  given  oC    (Jam  m  es.) 

«.  PbP.6PbO. — Bemains  in  the  form  of  a  yellow  powder  when  the  compound  d  is 
dried  and  heated.    (Handw.  d.  Chem.  2**  Aufl.  il  [2],  60.) 

&BA]lt  9MOUWMXDM  OF.  a.  When  phosphorus  is  thrown  upon  melted  lead, 
or  when  lead-filings  are  ignited  with  an  equal  weight  of  glacial  phosphoric  acid,  or 
chloride  of  lead  with  phosphorus,  a  compound  is  formed  containing  not  more  than 
16  per  cent  of  phosphorus:  it  hae  the  colour  of  lead ;  may  be  cut  with  a  knife,  but 
splits  into  lamins  when  hammered  ;  tarnishes  quickly  when  exposed  to  the  air;  and, 
when  heated  before  the  blowpine,  ^elds  a  phosphorus-fiame  and  a  globule  of  lead 
(Pel let ier,  Ann.  Gh.  Phys.  [2j,  xiii.  114).---^.  Phosphoretted  hydrogen  gas  passed 
for  two  hours  through  a  solution  of  neutral  acetate  of  lead,  yields  a  brown  precipitate, 
which  bums  before  the  blowpipe  with  a  small  phosphorus-flame,  forming  beautifully 
crystallised  lead-phosphate.    (U.  Bose,  Pogg.  Ann.  xxiv.  326.) 

&aAB«  flBIAVXDB  OF.  Very  small  quantities  of  selenium  combined  with 
lead  render  it  harder  and  less  fbsible. 

The  protosdmidey  PbSe,  in  formed  when  lead  and  selenium  are  heated  together, 
combination  then  taking  place  attended  with  incandescence,  and  a  grey  porous  mass 
being  formed,  which  becomes  silver-white  by  polishing.  When  ignited  in  an  open 
vessel,  it  first  gives  off  selenium,  then  a  small  quanti^  of  selenide  of  lead  in  white 
fumes,  leaving  a  residue  of  basic  selenite  of  lead,  Cold  nitric  acid  dissolves  the  lead, 
l«-Mviog  red  selenium,  which,  on  heating  the  liquid,  dissolves  in  the  form  of  selenious 
acid.    (Berzelius.) 

Selenide  of  lead  also  occurs  native,  as  clausthalite,  sometimes  pure,  sometimes 
having  part  of  the  lead  replaced  by  other  metals,  as  cobalt,  copper,  mercury,  and  silver. 
It  is  found  in  fine-pained  masses,  sometimes  foliated,  with  cubic  cleavage.  Hardness 
«  2*0  to  3.  Specific  gravity  »  7  to  8*8.  Lustre  metallic  Ck>lour  lead-grey,  some- 
times bluish ;  cupreous  varieties  vellowish.  Streak  darker.  Opsque.  Fracture  gra- 
nular and  shining.  Rather  sectile.  Before  the  blowpipe  it  emits  the  odour  of  horse- 
ndish  and  exhibits  various  other  reactions  characteristic  of  selenium  {g.  v.).  Heated 
in  a  tube  it  yields  s  sublimate  of  selenium. 

The  following  are  analyses  of  clausthalite  and  its  varieties: — a,  H.  Hose  (Poprj;. 
Ann.  iL  416;  iu.  281);  6,  Stromeyer  {ilfid.  ii.  403);  c,  Selenide  of  lead  and  silver 
(Rammelsberff,  Mineralchemie,  p.  84);  d,  Selenide  of  lead  and  cobalt;  r,  /,  Sele- 
nides  of  lead  ana  copper  (H.  Bose,  Pogg.  Ann.  iii.  288) ;  g,  h,  The  same  (K  erst  en, 
ifnd.  xlvi  266) : 

Ttlkerode.  Claiutlul.  Tilkerode.  CUiuthid.        Tllkerode.  OUsliMb. 

Selenium  .     .    27*69      28-11  26-52  3142  34^8  80-26  sI'OO  29-97 

Lead    .    .    .    71-81       70*98  6016  6392  48*43  6028  67*48  6616 

Silver 11-67        .    .  1*32 

Cobalt 0*83    .  .     314    .  .     .  .  0*05  008 

Copper 15-77    794  868  4*09 

Iron     ..._..  .    .  .    .  0-45         .    .  07^ 

99-40      99*92  98*34       9893  10060  99*26  98-20  99~30 
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obUined  srey,  inetallic-thiniiig»  regular  tetahedroiis  of  the  pfotosalphide,  which 
funned  on  the  sioee  of  the  tube. 

Sulphide  of  lead  obtained  bj  Ainng  its  dementi  together  is  of  a  lead-grey  colour, 
with  granular  fracture ;  that  which  is  precipitated  by  sulphydrie  acid  is  a  brown-black 
powdnv  and,  according  to  Karston,  has  a  oensity  of  7*6052  after  fusion.  Sulphide  of 
Iflftd  melts  at  a  strong  red  heat,  Tolatilises  at  a  stronger  heat»  and  sublimes  undecom- 
pO0ed  if  kept  from  contact  with  the  air. 

Deeompotitum. — 1.  Sulphide  of  lead,  when  gently  ignited  in  the  air,  giren  off  the 
greater  ^ait  of  its  sulphur  in  the  form  of  sulphurous  anhydride,  while  metallic  lead 
(amounting  to  about  half  the  total  quantity)  and  sulphate  of  lead  remain  bubind 
(De  SCO  tils,  Ann.  Ch.  Phys.  [2]  hr.  441).- 2.  The  protosulphide  and  protoxide  of 
lead  decompose  one  another  when  heated  together,  OTOJTing  sulphurous  anhydride  and 
lesring  metallio  lead: 

PbS  ••-  2PbO    -    Pb"  -I-  80<. 

— S.  The  protosulphide  heated  in  vapour  of  water  gives  off  sulphydrie  acid  and  yields 
metallic  lead.  The  first  products  formed  are  sulphydrie  acid  and  the  protoxide,  which 
then  reacts  on  the  remaining  sulphide  in  the  manner  just  described. — 4.  When  sulphide 
of  lead  is  fused  with  alkaline  carbonates,  half  the  lead  is  separated  in  the  metallic  state, 
and  OB  addition  of  metallio  iron,  the  whole. 

Protosulphide  of  lead  is  insoluble  in  dilute  acids,  in  caustic  alkalis^  and  alkaltm 
svlpkidfs.  When  boiled  with  dilute  nitric  acid  it  gradually  dissolres  as  nitrate,  with  - 
evolution  of  nitric  oxide,  and  separation  of  sulphur.  The  finely  divided  sulphide 
treated  with  fuming  nitric  acid  is  completely  converted  into  sulphate  of  lead :  but  lif  any 
portion  of  the  sulphur  remains  unoxidised,  a  corresponding  quantity  of  the  lead  is  con- 
verted into  nitrate.  By  btrong  hydrochloric  acid  it  is  converted  into  chloride  of  lead 
with  evolution  of  sulphydrie  acid.  Nitro-hydrochloric  acid  converts  it  into  chloride 
and  sulphate  of  lead.  Chlorine  decomposes  it  slowly,  forming  chloride  of  lead  and 
chloride  of  sulphur. 

VOTwUphide.  A  solution  of  a  lead-salt  mixed  with  pentasulphide  of  potassium 
yields  a  precipitate,  which  has  at  first  a  fine  blood-red  colour,  but  quickly  loses  this 
colour,  even  while  immersed  in  the  liquid,  and  is  resolved  into  the  protos^phide  and 
fr««  sulphur.  Higher  sulphides  of  lead  are  also  said  to  be  formed  by  the  action  of 
Holphyaric  add  on  the  sesquioxide  and  peroxide  of  lead ;  but  their  composition  has  not 
been  made  out. 

SUUPHOOAXSOWATB  OF.    See  Sulphocabbonatbs. 


SBAB,  smbFROOBJbOmZBa  or.  If  a  lead-salt^  e.g,  aqueous  chloride  of 
lead,  be  precipitated  bv  a  mixture  of  aqueous  sulphydrie  and  hydrodilorio  acids,  there 
la  produMd,  first  a  yellowish-red,  and  Uien  a  rea  precipitate  oontaimng  about  66  per 
eant.  (8  at.)  of  lead-sulphide,  and  agreeiuff  veiT  nearly  with  the  formub,  PbCl*.8fb8. 
An  excess  of  sulphydrie  acid  turns  it  bladk  and  OQnverts  it  into  pure  sulphide  of  lead ; 
the  same  chanoe  is  produced  by  boiling  with  water,  which  extracts  the  chloride ;  the 
compound  is  auo  blackened  by  potash,  which  extracts  the  chlorine  (Hiinefeld,  J.  pr. 
Chem.  vii.  27)  -  When  8ulphy<mc  acid  gas  is  passed  through  a  solution  of  i  pt.  lead- 
aeeCate  in  100  pts.  of  water  mixed  with  10  pts.  of  hydrochloric  add  of  spednc  grarity 
1'168,  a  beantiml  carmine- coloured  predpitate  of  sulphochloride  of  lead  is  pnxlnced 
If  the  solution  contains  1  pt.  of  lead-acetate,  112  pts.  of  water,  and  14  of  strong  hy- 
drochloric acid,  sulphydrie  acid  produces  a  vellow  predpitate,  which  (dveft  up  chloride 
of  lead  to  boiling  water,  while  black  protosulphide  of  lead  remains  behind.  If,  instead 
of  14  pts.  of  strong  hydrochloric  acid,  we  use  14  pts.  of  a  mixture  of  2  pts.  of  strong 
hydrochloric  and  1  pt  nitric  add,  prepared  two  days  beforeand  containing pemi trie  oxide, 
the  sulphydrie  ada  produces,  tStet  a  while,  first  a  yeUowish-red  and  Uien  a  dnnabar- 
red,  granular  predpitate.  If  the  stream  of  sulphydrie  add  gas  were  continued  for  a 
lon^r  time,  tae  predpitate  would  become  fint  eannine-coloured,  thioi  brown,  and 
lasUy  black.  The  red  granular  predpitate,  when  boiled  with  water,  gives  up 
ft  eonmderable  quantity  St  chloride  of  lead,  and  is  converted  into  a  brown-red,  fioo- 
cvlent  powder,  which  then  undergoes  no  further  change,  but  when  heated  alone  in  a 
^ass  tube,  gives  off  sulphur  and  sulphydrie  add,  and  ftises  to  a  brown  mass. 
According  to  this  reaction,  the  pernitric  oxide  must  have  predpitated  sulphur  from  the 
solphydnc  add,  and  the  red  precipitate  is  a  compound  oi  the  diloride  with  a  poly- 
sulphide  of  lead.    (Be  in  sen,  J.  pr.  Chem.  xiii  130.) 

li»IIB|  SUXraOOTAWATB  OF.    See  Suiphoctakatbs. 

&SAB,   WHXTB.    Hydrated  carbonate  of  lead  used  as  a  pigment  (iL  7S6).    Tha 
native  anhydrous  carbonate  is  also  called  white  lead  ore. 

TiWaiMITillWOa,  Syn.  with  galena  (see  p.  658). 
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m  little  aJooliol,  and  trMting  the  imidiie  with  a  laige  qnantitj  of  water.  Plnmbotri- 
tunjrl  then  eeparatea  as  a  jeUowish,  oily,  non-Tolatile  liquid,  inodorous  in  the  cold, 
■■Belling  like  plnmboCnethyl  when  warm :  its  vapour  exerts  an  irritating  action  on  the 
mocons  membifanes.  Wheo  set  on  fire  it  boms,  with  separation  of  lead-oxide.  With 
fuming  nitric  acid  it  detonates,  with  emission  of  light  and  heat 

The  cUoridt^  PbAm'Cl,  is  obtained  bj  treating  the  oxide  (i^fra)  with  hydrochloric 
acid.    It  crrstallises  in  white  needles. 

The  iodioA,  FbAm'I,  is  obtained  in  white  needles  by  adding  iodine  to  the  ethereal 
solution  of  ^lumbotriamyl,  till  the  colour  becomes  permanen^  and  evaporating  the 
fLltEate.  It  IS  more  stable  than  the  corresponding  ethyl-oompound,  melting  at  100^ 
'vithout  decomposition,  and  solidifying  in  the  crystalline  form  on  cooling.  It  is  inso- 
luble in  water.  It  unites  with  merewrie  iodide^  forming  the  double  salt  PbAm'I.Hgl', 
"which  crystal  Usee  in  goUen*yellow  lamine,  insoluble  in  water,  sparingly  soluble  in 
»loohol  and  ether. 

Oxide.— Bj  agitating  the  alcoholic  solution  of  the  iodide  with  recently  precipitated 
oxide  of  silver,  evaporating  the  filtrate,  and  treating  the  residue  with  water,  oxide  of 
plumbotriamyl  separates  as  a  f&intly  yellow  viscid  mass,  insoluble  in  water,  soluble  in 
alcohol  and  ether;  the  alcoholic  solution  has  a  faint  alkaline  reaction,  and precijatates 
ferric  ftalts,  but  not  copper  or  silver  salts. 

The  9ulphmte,  obtained  by  heating  the  oxide  with  dilute  sulphuric  add,  is  a  viscid 
uncrystallitMble  mass.    (KlippeL) 

Etkyl-eomponndB, 

VtaBabottiethyl.  Pb*(CH*)*  -  Fb*£«.     Lowig's  M€tkplumbetkyl.—'Low'\g,  by 
acting  on  an  alloy  of  6  pts.  lesd  and  1  pt.  sodium  with  ioidide  of  ethyl,  obtained  a 
nf  ixture  of  several  lead-compounds  of  ethyl,  which  he  was  not  able  to  separate.    The 
mixture  was  perfectly  colourless,  tolerably  mobile,  volatile,  and  had  a  powerful  odour ; 
did  not  fume  in  the  air,  but  when  set  on  fire  burnt  and  gave  off  dense  clouds  of  oxide 
of  lead.    It  took  fire  when  strong  nitric  acid  was  poured  upon  it,  and  exploded  with 
great  violence  in  contnct  with  iodine  or  bromine.    It  was  insoluble  in  water,  but  dis- 
•ulred  readily  in  alcohol  or  ether;  and  the  solutions*  when  exposed  to  the  air,  deposited 
an  amorphous  powder,  insoluble  in  water,  alcohol  and  ether,  but  capable  of  forming 
crystallisable  salts  with  acids,  while  in  solution  there  remained  a  strongly  alkaline 
base,  the  oxide  of  plurobotriethyl,  the  radicle  of  which  appeared  to  constitute  the 
greater  part  of  the  product.    This  radicle,  however,  Lowig  did  not  succeed  in  isolating. 
Klippel  prepares  an  alloy  of  lead  and  sodium,  having  nearly  the  composition 
Pb'Na*,  by  melting  8  pts.  of  lead  in  a  hessian  crucible,  and  after  removing  it  fiom  the 
6re,  ad^ng  1  pt.  sodium  in  small  pieces  still  moistened  with  rock-oil,  and  stirring 
with  an  iron  rod.    Combination  then  takes  place,  attended  with  evolution  of  heat  and 
inflammation  of  the  rock-oil  (the  gases  evolved  by  which  protect  the  alloy  from  oxida- 
tion).   When  the  action  is  completed,  the  crucible  is  fillea  with  warm  sand  and  left  to 
cool  slowly ;  the  crystalline  alloy  is  pulverised  in  a  warm  mortar,  with  addition  of  a 
small  quantity  of  dij  sand,  then  introduced  into  a  number  of  small  flasks  and  drenched 
with  iodide  of  ethyl,  and  the  flasks  are  immediately  connected  with  a  condensing  tube, 
to  prevent  loss  of  iodide  of  ethyl,  whidi  distils  over  in  consequence  of  the  heat  evolved 
by  the  violent  action  which  immediately  takes  {|lace.    The  iodide  of  ethyl  is  allowed 
to  flow  back  into  the  flasks  as  long  as  any  action  goes  on,  and  when  it  is  complet«Hl 
the  excess  of  iodide  of  ethyl  is  distiUed  off  over  the  water-bath ;  the  remaining  liquid  is 
poured  out  of  the  flasks  into  a  dry  glass  cylinder  and  shaken  up  with  ether,  which 
dissolves  the  plumbotriethyl ;  and  the  ether  is  distilled  off  after  addition  of  a  little 
water:  the  plumbotriethyl  then  separates  as  an  oil  at  the  bottom  of  the  water. 

Plumbotriethyl  is  a  ^culowish  mobile  oil,  of  specific  gravity  1'471  at  0°,  insoluble  in 
waier^  easily  soluble  m  alcohol  and  ether.  It  volatilises  nndecomposed  in  small 
quantity  with  ether-vi^>our,  but  cannot  be  distilled  alone.  By  the  action  of  light,  or 
by  prolonged  boUing  with  water,  it  decomposes,  with  separation  of  metallic  lead 
(Klippel).  When  enosed  to  the  air  in  etnereal  solution,  it  is  converted  into  oxide 
(Lowig),  carbonate  (Klippel).  Chionne-^Dater  decomposes  it,  with  separation  of 
chloride  of  lead.    (KlippeL) 

Bromid9  of  9lumbotri9thyl,  PbE'Br,  is  obtained  by  adding  an  alcoholic 
solution  of  bromioe  of  potassium  to  a  solution  of  the  sulphate  in  alcohol  containing 
sulphuric  acid,  agitating  the  whole  with  ether,  then  with  water  to  separate  the 
ethereal  solution,  and  evaporating  the  ether;  it  then  crystallises  in  long  needles. 
(Lowig.) 

The  chloride,  FhEHJiy  is  obtained  by  adding  chloride  of  barium  to  a  solutioo  of 
the  sulphate  in  aJoohol  containing  hydrochlorie  acid,  agitating  with  ether,  separating 
the  ethereal  solution  by  water,  ax^  leaving  it  ta  evaporate  (Lowig);  by  neutralising 
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SmlphiU,  (PbE')^80«.-Wben  folphiirie  acid  is  added  by  dropa  to  an  akolMKc 
■olotion  of  the  oxide^  learin^  the  base  in  exoees,  a  dasxling  white  eiyataUine  piedpi- 
tafe  of  the  sulphate  ia  obtained,  which  moat  be  washed  with  alcohol  and  altsrwards 
with  ether.  The  salt  is  nearly  insoluble  in  water,  absolute  idcohol,  and  ether,  but  dis- 
solres  readily  in  alcohol  mixed  with  sulphuric  or  hydrochloric  acid.  From  the  acid 
solution  it  crystallises  in  tolerably  lai^ge,  hard,  shining  octahedral  crystals  (Lowig). 
Klippel,  by  dissolving  the  carbonate  in  alcoholic  sulphuric  acid,  obtained  & 
sulphate  in  crrstalslike  those  of  quarts.  Buckton,bydeco&iposing  the  chloride  with 
SEQlphuric  acid  or  sulphate  of  silrer,  obtained  it  in  asbestiform  needles. 

The  actd  tartrate.  C*H»(PbE«)0«  (at  IW),  forms  scaly  huninar  ciystala. 

Sulphide  of  plumhotrietkyl  is  obtained  by  treating  a  solution  of  the  oxide  or 
a  salt  of  plumbotriethyl,  with  sulphyiric  acid  or  sulphide  of  ammonhim,  as  a  white  . 
pbpcipitate,  which  is  nearW  insoluble  in  water,  alcohol,  and  ether,  and  blackens  quickly 
with  separation  of  sulphide  of  lead.    (Klippel.) 

The  tufphocyanate  is  formed  by  heating  an  alcoholic  tolution  of  the  chloride  with 
recf^ntly  precipitated  sulphocyanate  of  rilrer  to  100^  in  a  sealed  tube.  It  dissolres  in 
water,  alcohol*  and  ether,  and  crystallises  from  the  ethereal  solution  in  the  same  form 
as  sulphocyanate  of  potassium.    (Klippel.) 

9tamh9Mtrmt»MtL  Pb«C'H»-Pb((?H»)«orPbE«.  Diethylide  of  isad.  JHumbo- 
dietk^flide  (Buck ton).— Produced  by  the  action  of  zinc-ethyl  on  chloride  of  lead : 

2ZnE«  +  2Pba«  -  2ZnCl«  +  PbE*  +  Pb. 
When  dry  chloride  of  lead  is  added  to  rinc-ethyl,  decomposition  takes  place  imme- 
diately, attended  with  separation  of  metallic  lead,  and  slight  rise  of  temperature ;  and 
on  adding  an  excess  of  the  lead-chloride,  and  warming  gently  for  a  few  minutes,  a 
clear  liquid  may  be  decanted,  apparently  consisting  of  seyeral  lead-radicles  combined 
with  rinc-<^thyl,  which  cannot  be  completely  removed  by  digestion  with  excess  of  lead- 
chloride,  but  may  be  expelled  for  the  most  part  by  distillation.  The  liquid  remaining 
in  the  retort  at  140^-150°  yields,  when  treated  with  water  and  hydrochloric  aci^ 
heavy  colourless  drops  of  a  liquid,  the  greater  part  of  which,  consisting  of  plumbo- 
tetrethyl,  distils  over  between  198^  and  202^ ;  but  the  compound  is  most  easily  obtained 
in  the  pure  state  by  distillation  in  a  rarefied  atmosphere.    (Buckton.) 

Plnmbotetrethyl  is  a  transparent  colourless  liquid  of  specific  gravity  1*02.  Under 
the  ordinary  pressure  it  boils  with  partial  decomposition,  at  a  few  degrees  above  200^, 
but  under  a  pre»ure  of  7*6  inches  of  mercury  it  boils  without  decomposition  at  152^. 
When  set  on  filre,  it  bums  with  pale-grreen-bordered  flame,  emitting  a  fume  of  lead- 
oxide.  In  a  stream  of  hydrochloric  acid  gas,  it  is  converted  into  cMoride  of  plumbo- 
triethyl, with  evolution  of  hydride  of  ethyl: 

Fb(Cm*y  +  HCl  -  Pb(C«H»)Kn  +  C«H».H.    (Buckton.) 

Jlfethf/l-eompoundi, 

nnmbotrlmsttoyL  PbC*H*  -  Pb(CH*)*  -  PbMe*.— This  radicle  has  not  yet 
been  obtained  in  the  tree  state,  but  its  salts  are  produced,  with  evolution  of  hydnde 
of  methyl,  by  treating  plumbotetramethyl  with  acids :  tf.y.  with  hydrochloric  acid,  the 
reaction  being  precisely  similar  to  that  which  takes  place  in  the  case  of  the  correspond- 
ing ethyl  compound,  iis  represented  by  the  equation  just  given. 

Chloride  oj  ptumlMMtnethyl^  PbMe'Cl,  thus  obtained,  separates  from  the  solution 
on  cooling  in  long  needles  very  much  like  chloride  of  lead.  If  the  boiling  of  the 
plumbotetramethyl  with  hydrochloric  acid  be  too  long  continued,  chloride  of  lead  is 
apt  to  be  formed. 

Bromide  of  Piumbotrimeihyl  is  somewhat  more  soluble  than  the  chloride. 

The  iodide^  PbMe'I,  is  obtained  by  adding  iodine  to  plumbotetramethyl  till  the 
colour  becomes  permanent  (iodide  of  methyl  being  probably  formed  at  the  same  time : 

PbMe*  +  P    -   PbMe«I  +  Mel). 

The  product  is  a  white  solid  mass,  mixed  with  yellow  iodide  of  lead,  sparingly  soluble 
in  water,  easily  in  alcohol,  and  crystallising  in  long  colourless  needles,  which  may  be 
sublimed.  By  distillation  with  caustic  potash,  it  yields  the  hydrate  of  plumbo- 
tri methyl,  as  a  strong  basic  oil,  smelling  like  oil  of  musta^,  and  solidifying  in 
prismatic  needles.     (C  a  hours.) 

ytambotstrametbyl.  PbC«H"  -  Pb(CH')«  »  PbMe«. —Produced  by  the 
action  of  iodide  of  methyl  on  an  alloy  of  5  pts.  lead  and  1  pt.  sodium,  or,  better,  by 
treating  chloride  of  lead  with  zinc-methyl.  It  is  a  colourless,  mobile  liquid,  baring 
a  camphor-like  odour,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  boils  at 
160^,  decomposes  at  a  few  degrees  above  that  temperature,  but  may  be  distilled  with- 
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S.  Oil^foethb  pmantioo  of  ehsmots,  ihamoj,  or  wash-leather,  which  is 
pnparsd  from  Um  uuns  of  tho  goat>  doe,  or  chamois^  and  im  a  8oft»  ^MMigj  leather, 
capable  <rf  washioff. 

4.  Lime,  for  parehmont,  which  is  prepared  from  calf  or  sheep  skins,  and  for  the 
fltrooger  kinds,  from  asses'  or  pig's  skin. 

For  the  details  of  all  these  processes  we  must  refer  to  Ure^s  PicHonaiy  of  Arts,  jv, 
(ii.  674— «86X  snd  the  Handworterbuck  der  Chenm  (iy.  792^810). 

JkBOAJromiO  AOXB.  C>*H>H)'?  Leeamonn.  o^OrteUio  add.  (Schunck, 
Ann.  Ch.  Pharm.  zll  157 ;  Ut.  261 ;  IzL  72.— Rochleder  and  Heldt^  ihid.  Ixviil  1. 
— Stenhonse,  ibid.  Ixviii  61;  Izz.  218. — Strecker,  ibid,  Ixriii  13.— Laurent 
and  Oerhardt^  Ann.  Ch.  Phys.  [3],  xdv.  316.— Bobiqnet,  Ann.  Ch.  Phys.  zlIL 
236  ;  Qm.  zii.  377.) — This  snb•tano^  which  was  disoorered  by  Schonck  in  1842»  is 
extracted  from  several  lichens  belonging  to  the  genera  Lecanara  and  Varioiaria.  The 
lichens,  in  the  state  of  fine  powder,  are  ezhansted  with  ether  in  a  percolator,  and,  on 
^Tapoiating  the  ether,  a  reeidne  is  obtained  which  is  to  be  wsshed  with  ether  on  a 
large  frinnel  till  it  is  colourless,  then  ezhansted  with  water,  and  crystallised  fit>m 
alcohol  (Schnnek).  Rochleder  and  Heldt  exhaust  the  lichen  (Everma  prunattri) 
writh  a  mixture  of  ammonia  and  alcohol,  dilute  the  alcohol  with  a  third  of  its  volume 
of  water,  and  saturate  with  acetic  add.  Lecanoric  acid  then  separatee  in  grey  flocks, 
which  are  washed,  dried  at  100^,  dissolved  in  a  small  quanti^  of  boiling  absolute 
alcohol,  and  purified  by  recrystallisation. 

Stenhouse  macerates  the  lichen  (Boecdla  Unetcria)  with  water  mixed  with  slaked 
lime,  precipitates  the  filtered  liquid  with  hydrochloric  acid;  washes  and  dries  the 
gelatinous  precipitate,  and  digests  it,  when  nearly  dry,  with  absolute  alcohol,  taking 
care  not  to  boil  the  liquid,  which,  on  cooling;  deposits  the  acid  in  crystals. 

Lecanoric  acid  crystallises  in  colourless  stellate  needles,  sparingly  soluble  in  cold 
%ra<^  and  in  cold  alcohol;  moderately  soluble  in  boiling  alcohol,  soluble  in  ether  and 
in  acetic  acid.  According  to  Scbunck,  1  pt  of  lecanoric  acid  requires  for  solution 
^,500  pts.  of  boiling  water,  150  pts.  of  alcohol  of  80  per  cent  at  15^ ;  5*15  pts.  of 
l)oilinff  alcohol,  and  80  pts.  ether  at  15*5^  The  solution  reddens  litmus.  The  crys- 
tallift«3  acid  does  not  lose  weight  at  100^. 

Lecanoric  acid  gives  by  analysis  59*45  to  60'59  carbon,  and  4*40  to  5*00  hydrogen, 
whence  Stenhouse  deduced  the  formula  O^^*0\  which  Gerhardt  altered  to 
C^'H^K)'  (60*37  per  cent  C,  4*40  H,  snd  35*23).  This  hitter  formula  readily  explains 
the  conversion  of  lecanoric  into  orsellic  acid  {it\fra). 

Lecanoric  add  yields  by  dry  distillation,  a  viscid  oil,  together  with  orcin.  It  diti- 
boItm  readily  at  ordinary  temperatures  in  lime-water  or  baryta-water,  and  is  predpi- 
tated  therefrom  by  adds  in  the  form  of  a  jelly,  and  without  alteration ;  but  if  the 
satozated  solution  be  boiled,  the  lecanorate  of  barium  or  caldum  changes  into  the  much 
more  soluble  oruUinate,  If  the  ebullitioQ  be  prolonged,  carbonate  of  barium  or  caldum 
is  predpitated,  and  orein  remains  in  solution: 

C»WK)»  +  HH)     -     2C^«0*    -     2C0*  +   2C^H«0«. 
Ltcasorle  Onelliaie  Oicin. 

acid.  add. 

A  sohition  of  lecanoric  add  in  aqueous  ammonia  acquires  by  exposure  to  the  air  a 
fine  purple  colour,  due  to  the  formation  of  orcein.  In  contact  with  hypochlorite  of 
calcium,  lecanoric  add  immediatelv  assumes  a  red  tint,  quickly  changing  to  brown  and 
yellow.  The  add  heated  with  sulphuric  acid,  is  gradually  converted  into  orcin.  Boiline 
nitric  acid  converts  it  into  oxalic  add.  Boiling  acetic  acid  dissolves  it  readily,  and 
deposits  it  in  small  needles  on  cooling.  By  boiling  irith  alcohol,  it  is  converted  into 
orseUate  of  ethyl  The  same  change  is  produced  by  passing  hydrochloric  acid  gas  into 
a  solution  of  lecanoric  add  in  absolute  alcohol,  saturated  at  the  boiling  beat 

The  ammoniacal  solution  of  lecanoric  add  forms  white  predpitates  with  basic 
acetate  of  lead  and  nitrate  of  silver :  but  the  silver  precipitate  is  quickly  reduced.  The 
alcoholic  solution  gradually  produces,  with  an  alcoholic  solution  of  acetate  of  copper,  a 
light  apple-green  precipitate.  It  does  not  precipitate  the  alcoholic  solutions  of  neutral 
acetate  of  lead,  mercunc  chloride,  chloride  of  gold  or  nitrate  of  silver.  A  few  drops  of 
ferric  chloride  impart  to  it  a  deep  purple  colour. 

The  lecan orates  graduaUv  cUJcompose,  especially  when  heated,  vielding  orsellinic 
add,  and  ultimately  ordn.  The  barium^salt,  C'*H'^0,  is  obtained  by  dissolving  the 
add  in  cold  baiyta-water,  pasnne  carbonic  add  into  the  liquid,  and  treating  the  pre- 
dpitate  with  alcohol,  which  dissolves  the  lecanorate  of  barium,  and  depodts  it  in  small 
stellate  needles.  According  to  8tenhouse*s  analyds,  it  contains  49*27  per  cent  C, 
3-81  H,  and  19-49  baryta;  the  formuk  requires  49*87  C,  3*37  H,  and  19*73  baryta. 
The  caldum-^alt  is  a  gelatinous  predpitate,  slightly  soluble  in  water  and  alcohol, 
obtained  by  mixing  ttn  ammoniacal  solution  of  the  acid  with  diloride  of  caldum.    The 
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la  the  fiillowing  analysee  the  ash  is  deducted : — 

Damat  and  Cahour*.*               ^u^iS^'^  Railot4  LSvraberf.l 
"    ^mlmamii.               Haricots.  p^-*       j»^.  ■  ■ 


Ourbon    .    .    60-49  60*93        640        64*3        639  60*68        63*9 

Hydrogen    .      6*66  6*70          7*5          7*4          7*8  6*74          7*2 

Nitrogen.    .    18*19  18*77        14*7        14*6        160  16  60 

Sulphur  ....            0*48          0'3 

Oxygen   .    • 

PoriiUd  legomin  sometimes  oontains  as  mnch  as  7*1  per  cent  ash  (Rochleder). 
The  ash  is  (wifectly  white,  has  an  alkaline  reaction,  and  contains  a  huge  quantity  of 
potash,  partly  in  combination  with  phosphoric  acid.  The  insoluble  portion  of  the  ash 
18  oompoeed  of  phosphate  of  calcium  and  magnesium,  as  well  as  a  httle  phosphate  of 
iron.    (Liebig.) 

Volcker  (£p.  Brit  Assoc  1867,  pr.  60 ;  J.  p.  Chem.  Izxy.  320)  found  in  legumin 
prepared  from  peas  and  beans,  the  following  percentage  of  ash,  phosphorus^  and 
sulphur: 

Ph<M.         Snl- 
Legumin.  Afth.         '  phnru*.         phur. 

Ftom  green  peas 1*100         1*383        0*870 

The  same,  precipitated  with  a  small  quantity  of  acetic  acid      .    .  1*880        0*671 

The  8am^  precipitated  with  excess  of  acetic  add      .        ...  2*180        0*861 

From  white  peas 1*46  1*620 

From  white  French  beans 0*71  1*780        0*690 

Norton  (Pharm.  Centr.  1847,  p.  466 ;  1848.  p.  240)  also  found  in  legumin  prepared 
from  peas,  sweet  almonds,  and  oats,  from  0*8  to  2*3  per  cent,  phosphorus.  The  Uif^e 
amount  of  phosphorus  foimd  by  Volcker  and  Norton  renders  it  probable  that  l<yumin 
eontains,  or  is  associated  with,  a  compound  of  phosphoric  acid,  perhaps  phosphog^ceric 
add. 

Deeompontiona. — ^When  legumin  is  subjected  to  diy  distillation,  it  swells,  yields  a 
TeUowish  distallatre  containing  carbonate,  sulphide,  and  acetate  of  ammonium,  and 
leaves  a  residue  of  shining  charcoal.    (Br  aeon  not) 

Legumin  distilled  with  acid  chromate  of  potassium  and  dilute  sulphuric  acid  yields 
an  acid  liquid  which  smells  of  prussic  acid  and  bitter  almond  oil  contains  a  consi- 
derable Quantity  of  prussic  acid,  with  a  small  quantity  of  formic  acid,  but  does  not  give 
the  reactions  of  the  aldehydes  with  potash  or  with  nitrate  of  silver.  When  rectified  orer 
mercuric  oxide,  the  first  portion  of  the  distillate  exhibited  a  more  aromatic  and  ethe- 
real odour  than  the  original  liquid  ;  the  second  portion,  which  was  covered  with  a  thin 
Uyer  of  oil,  contained  benzoic  add  (4  pts.  to  1,000  of  legumin)  valerianic,  butyric,  pro- 
pionic, acetic,  caproic,  and  probably  also  capnrlic  add  (Frohde,  J.  pr.  Chem.  Ixxni. 
290).  In  a  second  series  of  experiments,  Frdnde  found  among  the  products  of  oxidation 
of  legumin,  valeronitrile,  aoetonitrile  (not  distinctly  recognised),  and  a  third  nitrile, 
probably  propionitrile. 

All  acids  coagulate  the  solution  of  legumin ;  the  predpitates  redissolye  in  excess  of 
the  add. 

When  legnrain  is  boiled  with  dilitte  sulphuric  acid,  leucine  is  formed.    Dry  legumin 
saturated  with  concentrated  sulphuric  acid  dissolves  slowly  and  forms  a  brown  solution,  * 
but  no  glycodne  is  produced. 

Concentrated  nitric  aeid  dissolves  dry  legumin,  with  evolution  of  nitrons  fiimes. 

Dilute  hydrochloric  acid  predpitates  legumin  like  acetic  add.  The  concentrated 
add  dissolves  it  with  the  characteristic  blue  tint. 

When  gelatinous  legumin  is  placed  in  contact  with  concentrated  acetic  add  it  absorbs 
the  add,  and  swells,  becoming  semitransparent.  The  product  is  completely  soluble 
in  boiling  water.  A  gummy  residue  of  legumin,  soluble  in  water,  is  obtained  on  eva- 
poration. A  solution  of  legnrain  is  immediately  predpitated  by  dilute  acetic  acid,  and 
the  predpitate  is  redissolv^  by  an  excess  of  the  add,  forroinp^  a  perfectly  dear  solution. 
This  is  repredpitated  by  adding  ammonia ;  the  precipitate  dissolves  in  an  excess  of  the 
add  (Dumas  and  C  ah  ours).  Liebig  found  legumin  insoluble  in  weak  acetic  add ; 
liowenberg's  legumin,  which  is  insoluble  in  water,  dissolves  in  an  excess  of  acetic  add. 

Solution  of  legumin  is  predpitated  by  tribasic  phosphoric  acid,  also  by  oxalic,  tar- 
taric,  malic,  and  citric  acids ;  the  precipitates  are  readily  soluble  in  excess  of  add. 
Legumin  is  dissolved  in  the  cold  bv  potash,  soda,  and  ammonia.  Heated  with  fixed 
aUuli,  it  evolves  ammonia,  and  sulphide  of  ammonium  is  formed  in  the  solution. 

*  The  carboo  and  nltrofao  In  the  other  analyiet  of  MM.  Dumas  and  Cahoura  fall  between  these  two 
aoaivsct. 

f  rrerloatly  puriBed  by  Rochletfer's  method . 

X  The  subtuoce  vat  rcdutolved  in  ammonia,  predpitated  bf  acetic  acid,  and  exhaiuted  by  boilUif 
aleohol  and  ether. 

I  PariSed  by  LOweabsff**  procett. 
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Compotitum  of  Lmtil-atk, 


S««d. 

straw. 

Seed. 

Straw. 

FMMh   .        .        . 

.    84-6 

10-8 

Silica     . 

.      1-3 

17-6 

Soda 

.      9-5 

Fhoephoric  acid     . 

.    86-2 

12-8 

Lime 

.      6-8 

62-8 

Sulphuric  add 

•      •   • 

10 

.      2-5 

30 

Chloride  of  fodium 

.      7-6 

21 

Ferric  oodde   •        • 

.      20 

09 

AeoQfrding  to  Schwar^  a  hectare  of  ground  yields  about  1,860  kflogrammei  of 
M€d  and  8,700  kilogrammes  of  straw ;  the  former,  therefore,  containing  30,  the  latter 
144,  and  the  wbole^  174  kilogrammes  of  mineral  constituents  (Handb.  d.  Chem.  ii. 
[8]  832). 

UnnjJi IT JL  A  Tarietj  of  kaolin  firom  the  pegmatite  of  La  Vilate  near 
Chant^'loupe  (Haute  Vienne),  of  a  clear  brown  colour,  t«»nder,  but  not  plastic 
Before  the  blowpipe  it  becomes  reddish,  but  does  not  fuse.  It  is  decomposed  by  hot 
ralphuric  acid.  Contains,  according  to  Saly^tat  (Ann.  Ch.  Phys.  [3]  xxxi.  102), 
36*36  per  cent,  silica,  36*00  alumina,  1*95  ferric  oxide,  and  21*50  water  (agreeing 
nearly  with  the  formula  2AlK>«.3Si0^3H»0),  besides  0*18  magnesia,  0*50  aUcalis, 
2*0  gelatinous  silica,  and  1*64  quartz  (» 101*62). 

XiBOJrSAXBZTB.  A  hydrated  silicate  of  calcium  and  aluminium,  occurring  at 
Schemnita  in  Hungaiy,  and  at  Copper  Falls,  Lake  Superior,  in  monoclinic  crystals,  in 
which  odP  :  odP  -  83<^  30'  and  96°  30*;  oP  :  ooP  =  IW^,  Qeavage  parallel  to  »P, 
\erj  perfect;  basal  imperfect.  Also  columnar  and  granular.  Hai^ness  *  3  to  3*5. 
Specific  ffrayity  »  2-26.  Lustre  on  dearage-faces  pearly ;  elsewhere  vitreous. 
C^our  white,  sometimes  yellowish,  seldom  brownish.  Subtranslucent.  It  usually 
whitens  on  exposure,  like  laumontite ;  but  the  variety  from  Lake  Superior  does  not. 
Before  the  blowpipe  it  exfoliates,  froths,  and  easily  melts  to  an  enamel  It  dissolves 
in  acids. 

Lponhaiditefrom  Schemnits  has  been  analysed  by  Delffs  and  v.  Babo  (Pogg.  Ann. 
lis.  386,  389),  that  from  Copper  Falls  by  Barnes  (SilL  Aul  J.  [2]  xv.  440): 


Schemnits. 

^xr 

Silica     • 

.        .    64-92               66*00 

66*60 

>i|ntnin%           , 

.    22*49                24-86 

21*69 

lime     . 

.      9-06                10-60 

10*66 

WatM*   . 

.     13*64                12*80 

11*93 

100*00 


10216 


99-68 


The  analyses  do  not  agree  well  together.  The  first  analysis  of  the  Hungarian  mint- 
lal  agrees  approximately  with  the  formula  (3Ca0.4SiO»).4(AlH)*.3SiO«)  +  1511-0, 
which,  however,  is  improbable ;  that  of  the  American  mineral  may  be  represented  by 
the  much  simpler  formula  (CaO.SiO«).rAl«0».3SiO«)  +  3H»0,  or  2CaAi"'SiW.3H-0, 
which  is  that  of  a  metasilicate,  and  diners  frt>m  the  formula  of  Uumontite  (p.  472) 
only  in  the  amount  of  water.  According  to  Brooke  and  Miller,  leonhardite  agrees  in 
form  also  with  laumontite.  Delfis  found  in  the  mineral  13*66  to  13*81  per  cent,  water ; 
it  naye  off  11-64  per  cent,  at  100"^.  According  to  Kenngott,  leonhardite  is  identical 
with  caporcianite.    (Dana,  ii.  308;  Rammelsberg,  Mineralchemie,  p.  806.) 

XM09AMD1TM,  A  spotted  felspathic  rock,  occurring  at  Charlotte,  Mecklen- 
VtiiTL'h  County,  and  in  the  Steele  Mine,  Montgomery  County,  North  Carolina,  and  re- 
ctignised  by  Genth  (Sill.  Am.  J.  [21  xxxiii.  197),  as  a  true  porphyry,  spotted  with 
iron-  and  manganese-compounds.  The  crypto-crystalline  felspathic  base  is  inter- 
spersed with  small  crystals  of  orthocUse  and  quartz.    Analysis  gave : 


SiO« 

AI»(P 

Fe»0» 

MgO 

c«o 

veo 

K«0 

7592 

14*47 

088 

0*09 

0-02 

4*98 

4*01 

Loctbj 

fgnition. 
0*64  - 


100-00 


agreeing  reiy  nearly  with  the  composition  of  Bnnsen's  normal  trachytic  substance. 

&BFAMZWB.  A  volatile  base  containing  the  elements  of  1  at  diamylamine  and 
1  at.  lepidine ;  C.'«H«N.C'*H»N  «  C~H»*N*,  produced  by  the  action  of  iodide  of 
amyl  on  lepidine  (p.  573). 

liKWAMQITLUC  ACZB.  Syn.  with  Anchotc  ▲cid  (i.  289).  Arppe  has  httely 
shown  (Ann.  Ch.  Pharm.  cxxiv.  86)  that  Laurent's  Azdaic  acid  (I  477)  has  the  satne 
composition  as  lepargylic  or  anchoic  acid:  it  appears,  however,  to  diJQTer  so  much  from 
the  latter  in  melting  point,  solubility,  and  the  properties  of  some  of  its  salts,  that  the 
two  acids  can  scarcely  be  regarded  as  identical  (which  is  Arppe's  view),  but  only  as 
jBomeric. 

Azclaic  acid  is  most  easily  obtained  by  heating  castor-oil  with  2  pts.  of  nitric  acid, 
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rifipidine  is  loinewhat  deeomposfd  hj  boiling,  lieldiog  pyrrbxA  and  earbonate  of 
cmmonia.  Bj  iodide  of  methyly  etkyl  and  amyi^  it  la  oonTertod  into  iodido  of  methyl-, 
ethyl-  and  amyl-lepidji-ammoniam  (p.  573). 

Both  lepidina  and  iridoline  form  crystflJlisable  salts;  the  iridoline-salts  smell  of 
naphthalene.  The  hydrockloratt^  of  both  bases,  C**H*N.H01,  form  small  colourless 
needles,  which  do  not  melt  at  100<*.  They  form,  with  chloride  of  cadmium^  crystalline 
doable  salts  containing  C'«H»N.HCl.CdCl* ;  and  with  tetrachloride  of  platinum,  the  salt 
2(C'*H»N.HCl)J>tCl*,  which  is  insoluble  in  alcohoL  The  pktinum-salt  of  iridoline 
cry-f^^allises  less  readily  than  that  of  lepidine. 

The  nitrates,  C'*H'N.NO',  form  hard  prisms  which  are  permanent  in  the  air,  and  dr 
not  melt  at  100*'. 

A^-id  ehromate  of  lepidine,  2C"H»N.HH).2CrO".  crysUllises  in  lonff  golden-yellow 
needles  which  deeompose  at  100^  when  moist,  but  not  when  dry,  and  leave  chromie 
oxide  when  ignited. — Jdd  ehromate  of  irideUne  is  an  oily  compoond  which  does  not 

Derivatives  of  Lepidine, 
(C»H»» 
ILmyl-lepldlne.     C»*H'^  -N  J  C'»H».— The  hydriodate  of  this  base,  or  iodide  of 

I    H 
amyl-lepicfyl-ammonium,  C>*H*NI  <-  N[(C»H»»XC»^»)H*]I,  is  obtained  by  heating 
lepidine  with  iodide  of  amyl,  in  small  ciystals,  slightly  soluble  in  water.    This  iodide 
tieated  with  potash  or  ammonia  is  oonvorted  into  a  splendid  bine  compound  (Gr.  Wil- 
li a  msX  called  iodide  of  pelamine ;  the  reaction  is, 

2C»»H»NI  +  KHO     -     C^H-N*!  +  KI  +  H«0. 

Iodide  of  unyl.  Iodide  of 

lepldyl-ammoolain.  peUroliM. 

When  treated  with  moist  oxide  of  silyer,  it  yields  the  base,  and  from  this  the  other 
■alts  of  peUmine  may  be  obtained  (see  PujuoNa^  The  crude  distillate  from  cin- 
chonine  treated  with  iodide  of  amyl  and  potash  yields  a  similar  blue  compound  Huiown 
commercially  as  chinoline  Uue  or  eyanine  (L  873),  which  consists  mainly  of  ioaide  of 
pelamine,  together  with  a  small  quanti^  of  the  homologous  compound  CH'^N^I, 
oeriTed  in  a  similar  manner  from  chinoUne,  (Hofmann,  Compt.  rend.  Ir.  849; 
Proc.  Bey.  Soc  ^l  410). 

lltemylSBe-topldiBe  or  ILepwoalne.    C^'H'^  -  C'*H»N.C~H^,  or  perhaps 

(Gr.  Williams,  Ghem.  Soc  J.  zvL  876.) — ^When  lepidine  Lb  cohobated 

with  iodide  of  amyl,  a  brown  syrupy  liquid  is  obtained,  which  solidifies  to  a  mass  of 
crystals  on  cooling.  On  repeatedly  boiling  this  mass  with  water,  the  greater  part  dis- 
BolTes,  yielding  a  solution  of  iodide  of  amyl-lepidyl-ammonium.  A  considerable  portion 
however  remains  undiBsolved,  and  this  portion,  if  subjected  to  prolonged  ebullition  in  a 
retott  with  caustic  alkalis,  decomposes,  yielding  a  distillate  consisting  of  water  and  an 
<hL  The  latter  dissolves  for  the  most  part  in  hydrochloric  acid,  and  the  solution, 
evaporated  to  a  moderate  bulk,  forms  two  layers,  the  upper,  which  appears  like  a 
colourless  oil,  solidifying  on  cooling  to  a  mass  resembling  paraffin,  while  the  lower  is 
merely  a  sstuiated  aqueous  solution  of  the  same  substance.  The  paraffin-like  hydro- 
chlorate,  treated  with  alkalis  and  distilled,  yields  diamyline-lepidine  as  a  volatile  base, 
which  may  be  dried  with  stidcs  of  potash,  and  rendered  nearly  colourless  by  rectiflca- 
tion.  It  has  a  frsgrant  odour,  and  when  perfectly  diy  distils  at  about  175^.  Vapour- 
density,  obs.  -  10-40 ;  calc  »  10-38. 

Hydrochhrate  of  lepamine,  C*H"N'.2HCl,  melts  below  100®,  is  sparingly  soluble  in 
water,  and  must  be  dried  in  a  vacuum  before  being  heated  over  the  water-bath. 

Chloroplatinate. — On  adding  an  excess  of  strong  hydrochloric  acid  to  a  solution  uf 
tha  base,  so  as  to  obtain  the  hydrochlorate  as  an  oil  floating  on  the  surface,  and  then 
a  considerable  excess  of  tetrachloride  of  platinum,  an  adhesive  yellow  mass  is  formed, 
which  may  be  washed  by  agitaUon  with  cold  water,  dried  over  oil  of  vitriol  for  a  day 
or  two  and  then  over  the  water-bath.  It  is  perfectly  soluble  in  alcohol,  and  has  the 
composition,  2(C»H"N«.2HCl)PtCl«. 

Gotd-ealt.—iyn  adding  trichloride  of  gold  to  a  solution  of  the  hydrochlorate,  a 
chocolate-coloured  precipitate  is  formed,  which  quickly  changes  to  bright  green ;  it  is 
soluble  in  alcohol,  forming  a  green  solution. 

Leparaine  dissolved  in  strong  nitric  acid  yields  a  red  solution,  from  which  on  dilu- 
tton,ia  red  oil  separates,  probably  a  nitro-compound. 

By  heating  lepamina  with  iodide  of  ethyl  in  a  sealed  tube,  a  syrupv  liquid  is  obtained 
which  when  distilled  with  potash,  yields  a  volatile  oily  base,  probably  ethyl-lepamine. 


(C»H")M 
(C»*H»)''In». 
H«     ) 
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fbriiis  white  needles  soluble  in  water  and  in  alcohol,  but  not  in  ether,  onlj  sparinglj  in 
nitric  acid,  and  decomposing  at  100^. 

Mptaeiiyl-leiaoAiilllBe.  C**H"(C^*)'N*.~Obtained  by  the  action  of  redndng 
agfOtA  on  triphenjl-roeaniline.  The  blue  solution  of  the  hydrochlorate  of  this  base 
is  decolorised  by  zinc  and  hydrochloric  acid,  and  the  dear  liquid  treated  with  water 
Yields  a  precipitate  which  may  be  purified  by  solution  in  ether.  The  same  compound 
u  obtained  as  a  brittle,  non-basic  resin,  by  the  action  of  sulphide  of  ammonium  on 
hrdrochlorate  of  triphenyl-rosaniline.  It  is  anhydrous,  and  when  treated  with  oxi- 
dising agents,  is  reconverted  into  triphenyl-rosajiiline.  (Hofmann,  Compt  rend. 
Irii.  25.) 

mOAXO&ZTBIZV.    See  Lmcus. 


IBUCBTZVaBROXTB.  A  yarietj  of  chlorite  (l  914)  from  Sktoust  in  the 
UraL  Breithaupt  regards  it  as  an  altered  chlorite.  Komonen  found  in  it  only  8*62 
per  cent  water  instead  of  12*62,  the  percentage  in  normal  chlorite.  Kenngott  regarda 
It  att  a  distinct  species. 

unroiO  AOZD.  C^H>^,  (Strecker,  Ann.  Ch.  Pharm.  IzriiL  65 ;  Gossman, 
ibitLzd.  136 ;  Waage,  ibid,  cxriti.  296;  Thudichum,  Chem.  Soc.  Qu.  J.  p.  xiv.  307 ; 
Frankland,  Proc  Boy.  Soc.  xiL  396  ;  Frankland  andDuppa,  ilnd,  xiii.  140.) — 
An  acid,  homologoos  wiUi  lactic  add,  produced : — 1.  From  leucine. — a.  When  nitric 
oxide  ffas  is  passed  through  a  solution  of  leucine  in  strong  nitric  add,  nitrogen  is 
eTolred  and  leudc  add  is  formed  f Strecker).  The  same  reaction  takes  place  when 
nitrous  add  is  passed  through  a  solution  of  leucine  in  warm  water  (Thudichum),  or 
water  slightly  addulated  with  nitric  add  (Waage): 

Cm^O*  +  HNO«     -     C^«0«  +  N«  +  H«0. 
Leucine.  Nitrous  Leudc 

acid  acid. 

C  a  hoars  had  previously  observed  (Compt  rend.  zxviL  368)  that  a  pecoliar  add  is 
fanned  when  an  aqueous  solution  of  leucine  is  left  to  itselt — fi,  VThen  chlorine  gas 
not  in  excess  is  cautiously  passed  through  a  solution  of  leucine  in  caustic  soda,  leudc 
arid  is  formed  and  may  be  separated  from  the  mixture  in  the  same  manner  as  benzo- 
«;Iveul]ic  add  (i.  648)  from  hippuric  add.    (Gossman n.) 

2.  From  oxalate  of  ttkyl,  by  the  action  of  zinc-ethyL  The  direct  product  of  this 
action  is  probably  ziuculeucic  ether,  a  body  not  isolated,  thus  [zn  =  32'6M}  sn]: 

C^»»0*  +   |^^,fl,    -    C«H-(snC»H*)0»  +  zn(C«H»)0. 

Oxalate  of       Zinc-etbyl.  SSincoleucic  Bthjlate 

rthyl.  ether.  ofilnc. 

The  zincoleudc  ether  is  converted  by  the  action  of  water  into  leudc  ether: 

C«H>»an(C«H»)0«  +  H^O    -    e»H»'(C«H»)0»  +  xnHO; 
Zincoleudc  ether.  Leucic  ether. 

and  from  this,  the  barium-salt,  and  thence  the  acid  itself,  is  easily  obtained.  (Frank- 
land.) 

PrepanUion, — 1.  Pure  leucine  is  dissolved  in  boiling  water  slightly  addulated  with 
nitric  add  ;  nitrous  acid  gas  is  passed  through  the  warm  solution  as  long  as  nitrogen 
coDtinuee  to  escape ;  the  Hquid,  which  turns  brown  and  gradually  d€n)09its  brown  flakes, 
is  left  to  cool,  then  agitated  several  times  with  ether ;  and  the  ethereal  extracts  are 
evaporated.  The  residue  is  a  brown  oily  liquid  not  misdble  with  water,  which 
gradually  solidifies  to  a  radio-cxystalline  mass.  The  aqueous  solution,  freed  from  leudc 
add  by  repeated  agitation  with  ether,  left  on  evaporation  a  considerable  quantity  of 
nitro-leudc  add. — To  purify  the  crude  leudc  acid  thus  obtained,  it  is  dissolved  in  a 
large  quantity  of  water  (a  smaller  quantity  dissolves  it  but  imperfectly) ;  the  boiling 
Hquid  IS  mixed  with  an  aqueous  solution  of  acetate  of  zinc ;  and  the  predpitated  leucate 
of  zinc  is  washed  on  the  filter  with  water  rwhich  dissolves  but  a  small  quantity  of  it), 
purified  by  recrystallisation  from  alcohol,  tnen  suspended  in  water,  and  decomposed  by 
sulphuretted  hydrogen.  The  filtered  solution  is  but  very  slightly  coloured,  and  when 
evaporated  to  a  syrup  and  left  to  stand,  yields  leucic  acid  in  colourless  needles.  If,  on 
the  other  hand,  the  zinc-salt  be  suspended  in  alcohol  and  decomposed  by  sulphuretted 
hydrogon,  the  add  is  obtained  in  hard,  brittle  prisms.    (Waage.) 

2.  Thudichum  passes  nitrous  acid  gas  through  a  warm  aqueous  solution  of  leudne ; 
evaporati^,  with  addition  of  leudne,  to  neutralise  the  free  nitric  add,  and  prevent  it 
from  oxidising  the  leudc  add ;  agitates  the  syrupy  reddue  with  ether  (or  extracts  the 
leudc  add  from  the  aqueous  solution  by  agitation  with  ether,  without  previous  evapora- 
ration ;  in  which  case,  however,  the  treatment  with  ether  must  be  repeated  a  ^;reat 
number  of  times) — ^and  purifies  the  crude  leucic  acid  from  adhering  brown  oil,  either 
by  solution  in  cold  water,  filtration  and  recrystallisation, — or  by  strongly  pressing  the 
coloured  czjrstals  between  bibulous  paper— or  by  precipitating  the  aqueous  solution 
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Wango,  Thodiohnin).  It  diatolTes  with  moderate  facility  in  warm  wat«raad  dilute 
aleohol,  and  ■epazates  from  boiling  aleohol  in  beautiful  eokmrlMi,  silky,  laminar 
cn-atals,  which,  like  most  lencates,  retain  something  of  the  appearance  of  leucine. 
(Waage.) 

Leucate  of  Calc  turn,  Ca'(G*H"0')'. — An  aqueous  solution  of  the  acid  neutralised 
with  chalk  or  milk  of  lime,  and  left  to  evaporate,  yields  the  caldum-salt  in  fine  needles, 
easily  soluble  in  water  and  in  aloohoL 

Leueate  of  Cobalt,  Co''(C*H"0')*.— The  dilute  aqueous  acid  boiled  with  excess 
of  carbonate  of  cobalt,  then  filtered  and  evaporated,  deposits  light  crusts  of  a  piuk 
colour  while  moist,  but  of  a  very  pale  rose-colour  or  almost  white  when  dry.  The 
salt  is  but  sparingly  soluble  in  cold  water,  and  not  much  more  soluble  at  the  boiling 
heat.  It  crysullises  in  needles,  which,  under  the  microscope,  appear  to  be  arranged 
in  globular  masses.    (Thudichum.) 

Leucateof  Copper, — ^When  a  dilute  aqueous  solution  of  leucic  add  is  treated  with 
a  dilute  solution  of  ammonio-sulpbate  of  copper,  the  colour  of  the  copper-salt  changes 
to  light-green.  On  boiling  the  uquid,  it  becomes  paler,  and  on  cooling  deposits  light 
green  granules  of  leucate  of  copper.  Under  high  powers  of  the  microscope,  these 
granules  appear  as  balls,  formed  by  a  radiary  arrangement  of  needles  (Thudichum^ 
A  solution  of  leucic  add  mixed  with  acetate  of  copper,  forms  a  green  fiocculent  predpi- 
tate,  veiy  sparingly  soluble  in  water,  even  at  the  boiling  heat,  but  easilv  ciystallised 
from  boiling  alcohol,  from  which  it  separates  in  very  beautiful  light  blue,  shining, 
bulky  scales,  which  do  not  undergo  any  diminution  in  weight  at  100^.    (Waage.) 

Leucate  of  Lead, — On  adding  acetate  of  lead  to  a  solution  of  leudc  add  or  a 
Ieucat«,  a  copious  white  flaky  precipitate  is  formed,  which  on  boiling  dissolves  almost 
entirely  in  the  liquid.  An^  portion  remaining  undissolved  melts  into  a  white  mass, 
which  is  soft  like  resin  while  warm,  but  becomes  brittle  and  hard  on  cooling.  This 
Bubetance  is  insoluble  in  water  and  alcohol,  even  on  boiling,  and  seems  to  be  a  basic 
salt. 

If  the  solution  of  lead  is  added  to  a  boilinff  solution  of  the  add,  no  raedpitate 
ensues,  acid  vapours  are  evolved,  and  the  liquid  becomes  milky  on  cooling.  In  a  short 
time,  it  deposits  the  lead-salt  as  a  light,  granular,  whit^^  mass,  which,  under  the  micro- 
scope, appears  to  be  made  up  of  a  multitude  of  strongly  refracting  spherical  masses,  of 
the  size  of  human  blood-corpusdes.  This  salt  is  more  easiljrsoluUe  in  an  excess  of  the 
acetate  than  in  water.  It  is  easily  soluble  in  spirit  of  wine,  particularly  in  boiling 
Fpirit  Even  in  these  solutions,  basic  salts  are  easilv  formed.  The  addition  of  water 
to  these  solutions  produces  a  predpitate.    (Thudichum.) 

Leucate  of  Maanesium,—8]paxiQg\j  soluble  in  water,  deposited  in  emsts  on 
evaporation.    (Thudichum.) 

Leueates  of  Mercury, — Afereurie  Leucate  may  be  prepared: — a.  Directly,  by 
dissolving  f^eshly-predpitated  moist  mercuric  oxide  in  aoueous  leucic  add.  A  flaky 
predpitate  gradually  ensues,  which  on  heating  becomes  rea  and  granular,  and  adheres 
to  the  sides  of  the  gUss.  On  ooolin|;,  a  new  predpitate,  consisting  of  whitish  globules, 
is  deposited. — b.  By  adding  mercunc  nitrate  to  an  aoueous  solution  of  leudc  add,  a 
whitish-red  predpitate  is  formed,  which  dissolves  on  t>oiling%  and  on  cooling  is  again 
deposited  in  reddish  granules. — c.  By  adding  the  mercurial  solution  to  the  leucate  of  an 
alkali-metaL 

MercwrouM  Leucate. — ^When  a  solution  of  mercurous  nitrate  is  added  to  a  solution  of 
leucic  add  a  slight  turbidity  ensues.  The  addition  of  carbonate  of  sodium  produces  a 
copious  reddish- white  precipitate,  which,  on  boilings  becomes  red,  then  dull  grey,  and 
deposits  metallic  mercury.    (Thudichum.) 

The  leueates  of  mercury  have  a  great  tendency  to  become  reduced.  The  mercuric 
"alt  easily  passes  into  the  mercurous  salt.  The  mercuric  salt,  moreover,  has  a  great 
tendency  to  become  basic  and  insoluble.    (Thudichum.) 

Leueate  of  Potassium  i»  produced  by  the  action  of  aqueous  potash  on  leude 
ether,  and  separates  as  a  semi-solid  soap  on  the  sur&ce  of  the  potaso-solution,  if  the 
latter  is  concentrated.    (F r an  k  la n  d.) 

Leueates  of  Silver, — a.  The  neutrai-salt,  C*H"AgO*,  is  obtained  by  adding 
nitrate  of  silver  to  the  solution  of  the  acid  neutralised  with  ammonia,  or  by 
boiling  the  acid  with  oxide  of  silver,  and  may  be  rendered  quite  colourless  by  recrys- 
tallisation  frt>m  boiling  water,  in  which  it  is  moderatelv  soluble.  It  is  anhydrous 
(Waage).  Nitrate  of  silver  added  to  a  warm  solution  of  leucate  of  ammonium,  potas- 
sium, or  sodium,  forms  a  copious  white  crystalline  precipitate,  which  increases  as  the 
liquid  cools,  and  blackens  ii  left  in  the  mother-liquor  (Thudichum).  It  contains 
46'2  percent,  silver  (Waage);  44*14  (Thudichum):  ciilc.  46*19  percent 

detd$alt,C*B}^AgQ\C^*H)^, — A  hotdilute  solution  cf  leucic  acid  decomposes  recently 
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the  bnin  of  oxen  (W.  Mailer,  Add.  Ch.  Pharm.  dii.  131);  in  the  pftnorcaj  of  oxen 
(Scherer,  Jahresber.  1869,  p.  610);  in  the  stomach  and  intestines  of  the  pupee  of 
butterflies  (Schwarzenbacb,t6id  I857»  p.  638),  and  in  Uie  fly-agaric,  Agaricut  mus- 
carius,     (Ladwig,  ibid.  1862.  p.  616.) 

Formation, — 1.  In  the  decomposition  of  gelatin,  mnscnlar  flesh,  legnmin  or  wool  (or 
white  of  egg,  according  to  Mulder),  by  sulphuric  acid  (Braconnot) ;  together  with  a 
small  quantity  of  glycocine  (Mulder).  Gorup-Besanea  also  (Ann.  Ch.  Pharm. 
cxTiii.  230),  by  treating  wool  with  sulphuric  add,  obtained,  together  with  volatile  acids 
and  a  large  quantity  of  ammonia,  about  3  per  cent  of  tyrosine,  and  a  rather  large 
quantity  of  leucine  containing  sulphur.  The  leucine  was  obtained  free  from  sulphur 
by  dissolving  it  in  rather  dilute  potash-ley,  boiling  it  with  a  solution  of  lead-oxide  in 
potash,  filtering  from  sulphide  of  lead,  neutralising  the  filtrate  with  sulphuric  acid, 
evaporating  to  dryness,  boiling  the  pulverised  residue  with  alcohol,  and  leaving  the 
solution  to  ciystal&se. 

2.  By  heating  horn  with  dilute  sulphuric  add  (Hinterberger),  also  together  with 
tyrodne^  by  heating  elastic  tissue,  es^edally  the  cervical  ligament  (ZoUikofer),  or 
leathers,  hedge-hogs'  spines,  human  hair,  the  wing-cases  of  cockchafers,  or  globulin  and 
hiematin  from  ox-blood  (Leyer  and  Koller,  Ann.  Ch.  Pharm.  IxxxiiL  332),  or  silk 
(Hinterberger,  Wien.Akad.  Ber.  xi  460)  or  conchiolin  (Schlossberger,  Zeitschr. 
Ch.  Pharm.  1860,  p.  424X  with  dilute  sulphuric  add.  Erlenmeyer  and  Schoffer 
(Zeitflchr.  Ch.  Pharm.  1869,  p.  316),  by  boiling  1  pt.  of  various  albuminous  and  gela- 
tinous substances  with  6  pts.  of  a  mixture  of  1  pt  sulphuric  add  (H'SO^)  and  1^  pts. 
water,  obtained  the  following  Quantities  of  leudne  and  tyrodne:  Cervical  ligament 
yielded  \  per  cent  tyrodne  and  88  to  46  per  cent  leucine ;  blood-fibrin,  2  per  cent 
tyrosine  (on  evaporating  the  neutral  liquid  to  about  1*08  to  1*10  specific  gravity),  then 
14  per  cent  leucine;  flesh-fibrin,  not  quite  1  per  cent  trrosine,  and  about  18  per  cent 
leucine ;  white  of  hcn*s  egg,  1  per  cent,  tyrosine  and  about  10  per  cent  leucine ;  horn 
(treated  with  10  pts.  of  the  above  add  mixture),  3*6  per  cent  tyrosine,  and  about 
10  per  cent,  leudne.  The  several  substances  were  decomposed  by  three  hours*  boiling 
witn  the  add  as  completely  as  when  the  boiling  was  oontmued  fat  36  or  40  hours. 

3.  By  the  action  of  dilute  adds  upon  indican.    (Schunck,  p.  247.) 

4.  By  boiling  white  of  egg,  gelatin,  or  flesh,  with  potash-ley,  glycocine  being  formed 
at  the  same  time  (Mulder).  Hence  also,  when  the  juioe  of  mangold-wuzzel  is  boiled 
with  lime.    (Hochstetter,  J.  pr.  Chem.  xxix.  36.) 

6.  By  mdtmg albumin,  fibrin,  casein  (Bopp),  or  horn  (Hinterberger)  with  hydrate 
of  potasdum. 

6.  In  the  putrefaction  of  casein  or  gluten  under  water  (Proust,  Mulder);  some- 
times abundantly,  sometimes  only  in  traces  (C  ah  ours).  Also,  together  with  tyrodne, 
ammonia,  butyric  add,  and  lactic  add,  by  the  putrefaction  of  yeast  (A.  M  filler,  J.  pr. 
Chem.  IviL  162,  447).  But  according  to  Hesse  (J.  pr.  Chem.  Ixx.  34),  the  substance 
regarded  by  Muller  as  leudne  contains  3  or  4  per  cent  sulphur,  and  is  more  soluble 
in  alcohol  than  leudne  (see  Psbxtdoleucdix,  p.  682). 

7.  By  the  action  of  hydrocyanic  add  and  dilute  hydrochloric  add,  with  the  aid  of 
heat,  on  valerml-ammoma  (Parkinson,  Ann.  Ch.  Pharm.  xc.  144;  Limpricht^  Urid. 
xdv.  243) : 

NH».0»H»«0  +  CNH  +  HCl  +  H«0     -     C^'»NO«  +  NH«CL 

It  was  stated  by  Gossmann,  that  thialdine  is  converted  into  leudne  by  the  action  of 
moist  silver-oxide,  according  to  the  equation : 

C^'»NS'  +   2Ag«0     -     C^"NO«  +  2Ag»S; 

but  according  to  Hofmann  (CheuL  Soc.  J.  x.  193),  thialdine  thus  treated  gives  off 
the  whole  of  its  nitrogen  in  the  form  of  ammonia. 

Preparation, — 1.  Finely-chopped  beef,  washed  with  water  and  then  strongly 
pressed,  is  mixed  with  an  equal  weight  of  oil  of  vitriol,  and  gently  heat^^d  till  it  is 
completely  dissolved ;  the  fat  is  skimmed  off  after  cooling ;  the  mixture  diluted  with 
water  amounting  to  3^  times  the  weight  of  the  meat ;  the  liquid  boiled  for  9  hours, 
with  frequent  renewal  of  the  water ;  Uie  sulphuric  acid  removed  by  chalk ;  the  filtrate 
evaporated  to  an  extract ;  this  extract  repeatedly  boiled  with  alcohol  of  34^  Bm. ;  the 
resulting  alcoholic  tincture  evaporated ;  the  diy  reddue  exhausted  with  cold  alcohol ; 
the  reddual  mixture  of  leucine  and  a  small  quantity  of  matter  predpitable  by  tannin 
dissolved  in  water ;  a  solution  of  tannin  carefully  added  to  it  by  drops  as  long  as  any 
predpitate  ensues;  and  the  liquid  filtered  after  a  few  seconds,  then  evaporated 
(Braconnot).  The  leucine  prepared  by  Braconnot  appears  still  to  have  contained 
glycodne.    (Mulder.) 

2.  1  pt.  of  dry  albumin,  fibrin,  or  casein,  free  from  fat,  is  boiled  with  4  pts.  of  oil  of 
vitriol  and  12  pts.  of  water,  in  an  open  vessel,  the  ebullition  being  continued  fur  a  day 
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f  leacrne,  which  must  he  waihed  with  cold  water  and  alcohol,  and  decolorised  by 
reatment  with  animal  diaiooal  and  reciTstallisatioD.— If  the  object  be  merely  to  obtain 
mcine^  and  not  tyrosine,  it  ia  sufficient  to  heat  the  potash-mixture  till  the  strongest 
Qtomeecence  is  orer.  At  that  stage  of  the  process,  the  same  quantity  of  leucme  is 
armed,  but  do  tyrosine.    (Bo  pp.) 

d.  OiM  pt.  of  cheese,  muscular  flesh,  or  white  of  egff,  is  left  to  putrefy  with  60  pts. 
i  water  K>r  six  weeks  at  a  temperature  somewhat  ^ioTe  20° ;  toe  resulting  turbid 
olutioii  boiled  with  a  small  (quantity  of  milk  of  lime ;  the  lime  precipitated  by  a  yery 
light  excess  of  sulphuric  acid ;  the  filtrate  boiled  down  and  precipitated  by  neutral 
cetate  of  lead;  the  decanted  liquid  treated  with  snlphydric  add ;  the  filtrate  evaporated 
o  a  syrap ;  and  the  leucine  which  crystallises  therefrom,  is  ft^d  from  the  remaining 
yrnp  by  means  of  alcohol,  and  purified  by  solution  in  water,  treatment  with  hydrated 
>xide  <^  lead  and  sulphydrie  acid,  crystallisation,  and  washing  with  cold  water  and 
klcohoL  When  the  abore-mentioned  alcoholic  solution  of  the  syrup  is  eraporated  to 
complete  dryness,  and  the  residue  dissolved  in  absolute  alcohol,  the  solution  otili 
leposits  a  small  quantity  of  leodne.    (Bo pp.) 

7.  The  eesrical  ligament  of  the  ox,  after  being  f^eed  from  the  surrounding  fibrous 
issue  by  boiling  with  water  contaiiiinff  acetic  add,  and  subsequent  scraping  with  a 
(nife,  and  (if  neceesaiy)  from  frO;  by  digestion  in  ether,  is  boiled  for  48  or  50  hours 
vith  dilute  sulphuric  add  (8  pts.  oil  of  yitriol  to  12  pts.  water),  the  water  being  re- 
placed as  it  eruorates.  The  resulting  solution  is  mixed  with  a  slight  excess  of  thin 
milk  of  lime,  and  boiled  for  some  hours ;  the  filtrate  exactly  neutralised  with  sulphuric 
add  aad  erapmted ;  and  the  liquid,  after  filtration  fh>m  the  separated  sulphate  of 
ealdum,  is  again  evaporated :  it  then  yields,  especially  on  cooling,  impure  leucine, 
which  may  be  purified  b^  reciystallisation  from  hot  alcohol  This  process  is  peculiarly 
advantageous,  as  the  add  mother- liquors  crystallise  to  the  last  drop,  yielding  nothing 
bat  leucme.  (Zollikofer,  Ann.  Ch.  Pharm.  Ixxxii  162;  compare  Oossmann,  iiridi 
%in.  130.) 

8.  Valeral-ammonia  is  boiled  in  a  retoit  with  hydrocyanic  and  hydrochloric  adds  . 
till  the  oily  layer  consisting  of  the  fbsed  ammonia-compound  has  completely  dis- 
appeared ;  the  solution  is  then  left  to  itself  till  the  greater  part  of  the  resulting 
chloride  of  ammonium  has  crystallised  out ;  the  hydrochloric  acid  removed  by  means 
of  hydrated  oxide  of  lead,  ana  the  lead  by  sulphydrie  add ;  the  filtrate  is  evaporated 
orer  the  water-bath,  and  the  residue  dissolved  m  hot  dilute  alcohol :  the  solution  thus 
obtained  yields  crystals  of  pure  leucine.     (Limpricht) 

Properties. — Leudne  crystallises  from  alcohol  in  soft  nacreous  scales,  b'ghter  than 
water  and  resembling  cholesterin.  It  sublimes  completely  at  170°,  in  cotton-like 
flocks  without  fusion  or  decomposition  (Mulder) ;  according  to  Schwanert,  on  the 
contrary,  it  melts  at  170°.  It  is  sparingly  soluble  in  col<i  but  dissolves  easily  in 
hot  wattr ;  sparingly  in  alcohol  of  ordinanr  strength  (in  658  pts.  of  cold  alcohol  of 
specific  gravijhr  0*828  according  to  Mulder),  very  sparingly  in  Absolute  alcohol. 
According  to  ZoUik  of  er,  it  diswlves  in  about27  pts.  of  cold  water,  in  1040  pts.  of  cold 
alcohol  of  96  per  cent.,  and  in  800  pts.  hot  alcohol  of  98  per  cent  It  is  insoluble  in 
ether.  Its  solubility  in  water  and  alcohol  is  increased  by  the  presence  of  acetic  add, 
or  an  alkaline  acetate. 

Decomposttiaru. — 1.  Leudne  heated  to  180°.  yields  a  yellow  distillate  having  an 
ammoniacal  odour,  and  solidifying  in  the  cold,  while  a  brown  resinous  mass  re- 
mains in  the  retort  The  alcoholic  solution  of  the  distillate  has  an  alkaline  reaction, 
and  when  treated  with  hydrochloric  add,  ^ves  off  carbonic  anhydride,  and  yields  a 
solution  containing  hydrochlorate  of  amvlamine,  together  with  sal-ammoniac  Th« 
resolution  of  the  leucine  into  carbonic  annydride  and  amvlamine,  which  is  the  princi- 
pal reaction,  is  similar  to  that  of  phenyl-carbamic  add  into  carbonic  anhydride  and 
phen jlamine,  and  shows  that  leucine  may  be  regarded  as  amyl-carbamic  aad : 

C»H'«NO«     -     CO*  +   C*H'«N.    (Schwanert) 

Leucine.  Aroyiamine. 

—2.  Leucine  heated  in  contact  with  the  air  bums  readily,  and  with  a  white  flame. 
—3.  An  alkaline  solution  of  leudne  exposed  to  the  action  ofoeone^  yields  carbonic  acid, 
butyric  add,  and  other  volatile  fotty  adds,  ammonia,  and  probably  also,  in  the  earlier 
stage  of  the  decomposition,  cyanic  add  and  valeraldehyde  (Gorup-Besanez, 
Ann.  Ch.  Pharm.  cxxv.  210). — 4.  Leudne  is  decomposed  by  chlorine^  forming  a  hard 
brown  body,  similar  to  that  obtained  with  glycodne  (iL  903),  and  a  red  volatile  liquid 
(Mulder).  When  chlorine  is  passed  into  water  in  idiich  leudne  is  suspended,  car- 
bonic anhydride  is  evolved,  and  a  turbid  solution  is  formed,  from  which  an  oily  liquid 
•epuates,  consisting  of  a  mixture  of  valeronitrile  and  chloro-valeronitrile  (C'H'CIN) : 
the  solution  contains  hydrochlorate  of  leucine  (Schwanert).  —6.  Sulphuric  anhydride 
is  rapidly  absorbed  by  leucine,  forming  a  brown  viscid  liquid,  which  at  100°  givee  off 
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pofified  as  completely  ai  possible,  forms  a  white  spongy  mass  composed  of  shining 
Iamio«.  When  caoUoasly  heated,  it  sublimes  almost  without  deoompoeition.  It 
melts  at  210°,  and  when  distilled  in  an  atmosphere  of  carbonic  anhydride,  yields, 
together  with  more  volatile  compounds  containing  nitrogen  and  sulphur,  a  woolly 
mass  of  adcular  oystals  resembhne  phlorizin,  haTing  the  composition  OH^'NO,  and 
diasolTing  in  dilute  soda-l^y  with  evdution  of  ammonia ;  this  substance  is  designated  by 
Hesse,  leuconitrile.  The  other  products  of  the  dij  distillation  of  pseudoleudne 
are  sulphydzic  add,  hydrocyanic  add,  a  brownish,  tarry,  fetid  substance,  and  several 
Tolatile  bases,  indudins  ammonia,  methylamine,  dimethylamine,  tri^lamine,  and  a 
considerable  quantity  <S  amylamine.  ^ 

&BUOXTB.  A  silicate  of  aluminium  and  potassium,  (EAl)diK)',  oocurrinff  in 
monometric  oystals,  the  usual  form  being  the  ikod-tetrahedron  or  trapezohecbon, 
hence  called leudtohedron  (Jia,  180,  ii  125^  Clearage  cubic,  very  imperfect;  surface 
of  crystals  eren,  but  sddom  shining.  The  mineral  o&n  occurs  dissemmated  in  grains, 
rarely  in  granular  masses.  Hardness  »  6*6  to  6.  Spedfic  eravity  «-  2*483  to  2*49. 
Lustre  yitreous.  Colour  ash-grey  or  smoke-grey,  white.  StreiuL  uncoloured.  Translu- 
cent to  opaque.  Fracture  conchoidaL  Brittle.  Inftidble  before  the  blowpipe,  except 
with  borax  or  carbonate  of  caldum,  with  which  it  mdts  with  difficulty  to  a  dear 
globule.    GKyes  a  fine  blue  with  cobalt-solution. 

Analyses. — a.  From  Albano  near  Home  (Elaproth,  Beitr.  ii  Z9).^b.  From 
Pompeii  ^lap roth,  ibid,).—c  From  Somma  (Awdejew,  Pog^.  Ann.  Iv.  107). — 
(L  From  YesuTius,  eruption  of  1811  (Bammelsbere,  ibid,  xcnii  143). — e.  From 
Vesurius,  eruption  of  1845  (Bammelsberg,  »&ii.).— ./  From  ^eden  on  Lake  Laach 
(Bischof;  Chem,  Gsologie,  iL  2288): 

a,  b.  >c.  4.  t.  f. 

Silica  .  .  64  64-6  5605  5625  57'84  56*22 
Alumina.  .  23  23*5  2303  23*26  22*85  23*07 
Potash     .        .        22        19-5        20*40        20*04        12*45        13*26 

Soda 1*02  0*43  604  6*40 

Lime .    .  0*32  0*20  0*23 

Ferric  oxide .    .  .    .  0*14  0*48 

Loss  by  ignition       .  •        .    .  .    .  .    .  0*59        

99        97-5       100*50      100*30      Tooll        99^ 
The  formula  (Kil)SiH)«  or  K«OJU«0».4SiO«  requires  55*58  silica,  2316  alumina,  and 
21*26  potash.    The  potash  is  sometimes  replaced  to  a  condderable  extent  by  soda,  as 
in  e,  and/.    Abich  found  in  a  specimen  iix>m  Yesuvius  a  still  greater  amount  of  soda. 

Leucite  occurs  in  rolcanic  formations,  both  andent  and  modem ;  it  is  abundant  in 
trachyte  between  Lake  Laach  and  Andemach  on  the  Rhine ;  the  finest  and  largest 
cijitals  are,  however,  obtained  from  Vesuvius.  Near  Bome,  at  Botghetta  on  the 
north,  and  Albano  and  Frascate  to  the  south,  some  of  the  older  lavas  appear  to  be 
almost  entirely  composed  of  it.  This  leudtic  lava  is  used  to  form  milbtonee,  and 
millstones  made  of  it  hare  been  discovered  in  the  excavations  at  Pompeii 

Leudte  occurs  altered  to  felspar,  nephelin,  and  kaolin.  Leudte  altered  to  glassy 
felspar  has  been  observed  on  Somma  by  Scacchi  (Dana,  ii  231 ;  Rammelsberg, 
Mmeralckemify  p.  645.) 

ABUOOCrroXATS.    Syn.  with  Apophtzxttb. 

lUMUOOMAMMXMM,    Syn.  with  HASMiMa. 

lavcoZiXn.  An  organic  base  obtained  from  coal-tar,  isomeric  with  chinoline, 
C^H'N.  The  two  bases  having  this  compodtion,  the  one  obtained  by  the  dry  distil- 
lation of  quinine  and  cinchonine,  tiie  other  among  those  of  the  distillation  of  coal, 
were  formerly  thought  to  be  identical,  and  the  name  chinoline  was  applied  to  both. 
Subsequent  researches,  however,  having  pointed  out  important  differences  between  the 
two,  especially  in  their  behaviour  with  iodide  of  amyl,  the  base  obtained  from  cincho- 
nine is  now  distinguished  as  chinoh'ne,  and  the  coal-tar  base  (originally  called  leucol 
by  Bunge,  who  discovered  it)  ^s  leuooline  (see  i.  869). 

Each  of  these  bases  has  a  series  of  homologues  corresponding  with  it,  and  difibring 
in  a  similar  manner  from  their  isomers  in  Sie  other  series.  The  following  names 
have  been  proposed  by  Greville  Williams  (Chem.  Soa  J.  xvi  377)  to  distingnish 
the  isomeric  bases  of  the  two  series : 

Qtai  terie$.  Cinekonine  serin, 

Leuooline         •        .    C'H'N        .        .    Chinoline 

Iridoline .        •        .    C**H*N       .        •    Lepidine 

Cryptidine       .        .    G'*H^'N      .        .    Di^oline 

^e  higher  homologues  of  chinoline,  as  fiir  as  C^H^'N,  have  also  been  obtained ;  the 

CQiresponding  bases  in  the  lencoline  series  are  at  present  unknown.    (Proc  Boy.  6oa 

ziii  812.) 

VoL.m.  pp 
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F^om  Korwtj.  Ckmteint  gjro. 


Gmropkarm  pmthiUim^  Aeh.  (UmbeOMria,  Hoff m.) 
phone  add.    (Stenhoute,  Phil  Tniis.  1849»  p.  468.) 

Jmdiumeorillinum,AcL  ContoinB  a  large  quantity  of  oxakto  of  calcium.  (Bracon- 
not^  Anr.  Ch.  Phys.  [21  zzriii  819.) 

Leeanora  P^rella,  Acn.  {Parmelia,  Schaer.)  Containa :  three  &t8,  tannin,  parel- 
lie  aeid,  lecanorie  add,  chlorophyll,  and  gum,  which  gires  a  greeniah-bJue  coloor  with 
iodine  (Schnnck,  Ann.  Ch.  rharm.  Ut.  267).  The  several  8pede«  of  Leeanora  con- 
tun  le(»ncdric  add.    (Schnnck,  ML  zli.  167.) 

Lecidia  earuUda^  Adi.  {Psora,  Dec)  Contains  a  large  quantity  of  oxalate  of 
caleium.    (fir  aeon  not,  he,  cit) 

Lecidia  geograpkioa^  Schaer.    From  the  Brocken.    Contains  nsnic  add.    (En op, 

PormeHa  eHiaris,  Ach.  {Borrera  cUiarU.)  See  analysis  by  Jo h  n.  (Chem.  Schr.  ti.  39. ) 
Pormelia  parietina,  Ach.  Contains  chrysopbanic  acicl,  a  yellow  non-ciystallisable 
edooring  matter  (Rochleder  and  Heldt,  loc,  cU.\  and  a  carbohydrate  conrertible 
into  sugar  (C.  Schmidt,  loe.  cit,)  This  lichen  contains :  ayellow  and  a  red  colouring 
matter,  wax,  eiystalline  stearin,  chlorophyll  soft  resin,  gum,  lichenin,  vegetable  mu- 
cilage, sugar,  extractive  matter,  traces  o(  volatile  oil,  and  phosphate  of  caldum  (Hes- 
berser,  Buchn.  Repert  xlvii.  179);  compare  Sander  {Ueber  dtt  WandfiechU, 
Sondershausen,  1816;  andEastn. Arch. viii. 431);  Monnhardt (Dissert, sist Lobarim 
furtetina  Jsiait/sin  chem,  Eielonise,  1818);  Schroder  (BerL  Jahrb.  1819,  p.  44); 
Markowits  (Scher.  Ann.  L  488);  Thomson  (Ann.  Ch.  Pharm.  liiL  262  and  260). 
Parmelia  p^sodes,  Ach.  Contains  ciystalliBed  physodin.  (Oerding,  Arch 
Pkarm.  Ixxxvii.  L) 

Pamuiia  saxattiis,  Ach.  Contains  s  small  quantity  of  carbohydrate  convertible 
into  susar.    (C.  Schmidt,  loc.  dt.) 

PadJiarim  k^matoma,  Hoffm.  (Parmelia^  Ach. — Patdlaria  rubra,  Hoffm.  -Par- 
mdia,  Acii.—PateUaria  ventosa,  Dec—Parmelia,  Ach.)  Contain  large  quantities  of 
oxalate  of  caldum  (Braconnot^  loc,  cU.),  P,  hamaioma  and  P.  veniosa  contain  usnic 
add.     (Knop,  Ice,  eiL) 

PaUQaria  tartarea,  Dec.  {Pormelia,  Ach.)  Contains  large  quantities  of  oxalate 
of  caldum  (Braconnot,  loe,  eit.)  In  a  spedmen  from  Norway,  Stenhou8e(2oc.ct^) 
fuand  gyrophoric  add.    See  analysis  by  N.  v.  Eserbeck  (Ber.  Arch.  xvi.  136). 

Pdtigera  canina,   Hoffm.      (Contains   a  carbohydrate    convertible  into  sugar. 
(C.  8chmidt»/<w.  ca.) 
Pertusaria  communis,  Dec    Contains  a  large  quantity  of  oxalate  of  caldum. 
Ptaeodium  oehroleucum,  Dec  {Parmelia  saxicola,  Ach.)  and  Placodium  radiosum, 
f>tc  {Parmelia  radiosa,  Ach.)    Contain  veiy  large  quantities  of  oxalate  of  caldum. 
(Braconnot)  ^.  ci<.) 

RamaUna  ealicaris,  Fr.  var.  faUigiata,  Contains  large  quantities  of  starch,  colour- 
ing matter  and  bitter  substance,  and  a  small  quantity  of  saccharic  add  (Berzeliu^ 
Scher.  Ann.  iii.  97).    Contains  usnic  add.    (Rochleder  and  Heldt,  loe.  eit.) 

Ramalina  ealicaris,  Fr.  var.  fraxinea.  The  ash  contains  a  large  quantity  of  ferric 
oxide,  but  scarcely  a  trace  of  potash  (John,  Chem.  Schr.  vi.  37);  soluble  and  coa^u- 
lable  albumin  (Berzelius,  Soner.  Ann.  iii.  208) ;  lichenin,  and  usnic  add  (Rochleder 
and  Helot,  loc,  eit,) 
Roecella  MorUagnei,  Belen.  Cont^uns  erythric  add.  (8 1  e  n h  o  u  s  e,  ^.  ct<.) 
Roceella  Hnctoria,  Ach.  This  lichen  (var.  fuciformis,  from  Angola  and  Madagas- 
car) contains  eiythric  add  THeeren's  eryUmn,  Eane's  erythrilin,  ii.  602),  a  &tty 
substance,  roccellic  add,  a  brown  substance  extractable  by  potash,  chlorophyU,  and 
ash-constituentB  (Schunck,  PhiL  Mag.  J.  [3]  xxix.  194).  nocctUa  tinctoria  from 
South  America  wss  found  by  Stenhouse  (PhiL  Mag.  [3]  xxxii.  300)  to  contain 
a-orseUic  add ;  the  same  lichen  from  the  Cape  of  Good  Hope  contained  /S^orsellic  acid 
and  roocellinin.  Stenhouse  and  Scouler  are  of  opinion  that  the  RocccVa  tinctoria, 
yv,  fuciformis  analysed  by  Schunck^  was  really  R,  MontaaneL 

Squamaria  cleans,  Fbe,  Contains  chiysophanic  acid.  (Thomson,  Ann.  Ch. 
Pharm.  liiL  266.) 

Squamaria  leiUigera,  Dec  {Parmdia,  Ach.)  Contains  s  very  large  quantity  of 
cxslite  of  caldunL    (Braconnot, /oc.  eit) 

Sticta  pulmonacea,  Ach.  Contains  lichenin  and  a  bitter  prindple  (W  e  p  p  e  n,  Pharm. 
Centr.  1838,  No.  12)  veiy  near  cetraric  add  in  composition,  and  named  sti  ctic  acid 
bj  Knop  and  Schnedermann  ( J.  pr.  Chem.  xxxix.  803);  compare  John  (Chem. 
Schr.  vi  39). 

Ulceolan'a  eseulenta,  Ach.  Contains  a  large  quantity  (18  per  cent)  of  gum. 
(Kirchhof(  Scher.  Ann.  iii.  213.) 

Ulceolaria  senqntsa  eontains  a  large  quantity  of  oxalate  of  caldum  (Braconnot, 
(oc.  at,) 
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hap^mr  oHenUU,  haT«  been  obeerred  to  emit  a  sadden  iUslunff  light  on  fine  vammer 
ereningSy  a  little  after  eiuiBet  Some  plants  also  emit  in  the  Stixk.  a  faint  continnoos 
ligfat»  proVably  arisinff  from  the  oombostion  of  some  sabstance,  snch  as  a  hydrocarbon, 
enittMi  from  them ;  this  phenomenon  has  been  obsenred  in  the  leaTee  of  Phytolacca  dc' 
candr^which  shine  at  night,  sometimes  with  bluish-green,  sometimes  with  yellowivh-green 
light.  The  acrid  milkj  juice  of  Omo  de  Cananum  (a  Brazilian  plant,  probably  of  the 
enphorbiaceous  order)  emits  light  for  sereral  hours,  after  flowing  from  a  wound  in  the 
pliint.  Rhizomorfha  subterranean  a  plant  which  grows  in  mines,  emits  light  from  ita 
whole  surfiice,  but  especially  from  the  whitish  growing  points,  and  a  similar  pheno- 
menon has  been  obserred  in  other  subterranean  plants. 

A  mofre  familiar  kind  of  phosphorescence  is  that  exhibited  by  many  living  animals, 
as  bj  the  glow-worm  and  fire-fly,  and  the  numberless  small  marine  animals,  such  as 
cmstaoea,  medusn,  polypora,  ana  infusoria,  which  give  rise  to  the  phosphorescence  of 
the  sea  at  night.  In  many  animals  the  phosphorescence  is  an  act  of  the  will ;  in 
others  it  takes  place  at  a  particular  period  of  life. 

In  nearly  all  phosphorescent  plants  and  animals,  the  phosphorescence  appears  to  be 
dae  to  chemical  action,  in  fact  to  a  slow  combustion :  for  it  increases  in  brightness  in 
pore  oxygen  gas,  and  ceases  alt<^ther  in  a  vacuum  or  in  nitrogen  or  carbonic  acid 
gas ;  the  phospnoreseence  of  decaying  fish,  however,  takes  place  in  nitrogen  as  well  as  in 
air  or  oxygen. 

Phosphorescence  may  be  excited  artiflcially  in  a  laree  number  of  bodies  by  any  cause 
which  sets  their  particles  in  rapid  vibration ;  viz.,  by  neat,  by  the  electric  dischargr,  by 
mechanical  action,  and  by  insolation, 

1.  Many  solid  bodies  become  phosphorescent  when  thrown  upon  a  heated  surface ; 
such  is  the  case  with  diamond,  chalk,  certain  varieties  of  fluor-spar,  oyster-shells, 
paper,  floor,  especially  that  of  maize,  and  indeed  with  most  well-dried  organic  sub- 
stances. This  effect  is  not  to  be  confounded  with  incandescence,  for  it  takes  place  at 
temperatures  much  below  an  ordinary  red  heat ;  and  the  light  emitted  is  generallv  of 
a  blue  or  violet  tint,  instead  of  the  dull  red  of  incipient  incandescence. 

3.  A  lamp  of  sugar  through  which  a  powerful  electric  discharge  is  pH9«ed,  nhin^fc  for 
several  seconds  afterwards  with  a  beautiful  violet  light :  and  a  similar  effect  is  pro- 
duced on  many  non-conducting  minerals,  but  not  on  metals  or  other  substances  of  good 
conducting  power.  Substances  which  have  lost  the  feculty  of  ^  becoming  phosphorescent 
hj  heat  or  by  insolation,  recover  it  after  they  have  been  subjected  to  repeated  electric 
discharges.  There  can  bo  but  little  doubt  that  the  immediate  effect  of  the  discharge 
is  to  throw  the  particles  of  the  body  into  a  state  of  rapid  vibration,  which  is  then 
oommonicated  to  the  surrounding  ethereal  medium. 

8.  The  phosphorescence  produced  by  friction,  percussion,  and  other  mechanical 
actions,  senerally  lasts  only  as  long  as  the  disturbing  cause  continues  to  act  In  many 
cases  a  development  of  electricity  takes  place  at  the  same  time,  and  to  this  the  light 
may  be  partly  or  in  some  cases  wholly  due ;  sometimes,  however,  the  light  emiUed 
appMTs  to  be  a  direct  conseouence  of  the  vibratory  motion  communicated  to  the 
particles  by  the  mechanical  disturbance.  Adularia  struck  with  a  hammer  so  as  to 
split  it,  emits  at  each  crack  a  light  which  may  last  for  several  minutes ;  and  when 
groond  in  a  mortar,  it  appears  ^  on  flre.  Quartz,  fluor-spar,  rock-salt,  and  sogar 
likewise  exhibit  light  when  broken  or  pounded. 

light  is  often  emitted  during  the  change  of  state  of  bodies,  especially  in  the  passage 
f^m  the  amorphous  to  the  oystalline  state,  and  the  separation  of  crystals  from  a  solu- 
tion (L  200). 

4.  Insolation,  or  exposure  to  the  sun*8  rays,  develops  phosphorescence  most  easily  in 
substances  which  are  bad  conductors  of  heat  Most  calcareous  substances  are  capable 
of  becoming  phosphorescent  by  insolation :  e.  g,  carbonate  and  sulphate  of  calcium, 
fluor-spar,  petrifactions,  shells,  and  pearls. 

Cantons  phosphorus,  prepared  by  heating  calcined  oyster-shells  with  sulphur,  emits 
after  insolation  a  yellow  light  bnght  enough  to  show  the  time  by  a  watch.  The 
phosphorescence  may  even  be  excited  by  exposure  to  the  light  of  a  candle.  The 
M4ignian  phosphorus,  prepared  by  strongly  igniting  heavy  spar  with  gum-tragacanth, 
emits,  after  insolation,  a  bright  light  which  lasts  for  more  than  a  day.  Baudoin^s 
phosphorus  (fVised  nitrate  of  calcium)  emits  a  white  light  Diamonds  sometimes 
remain  phosphorescent  for  an  hour,  after  exposure  to  the  sun  for  a  few  seconds  only. 
Certain  organic  substances,  e,g.  flour,  sugar,  gum,  white  wax,  and  resin,  also  shine 
alter  insoladon. 

From  recent  researches  by  RBeccjnerel,  it  appears  that  the  number  of  bodies 
midered  phosphorescent  by  insolation,  is  much  larger  than  has  hitherto  been  supposed, 
phosphorescence,  lasting  for  a  few  seconds,  or  rarely  for  a  few  minutes,  being  exhibited 
by  numerous  minerals  and  salts,  chiefly  with  alkaline  or  earthy  bases.  (See  Daguin's 
frmU  de  Physique,  iv.  260.) 
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oMirre  of  figure  is  in  o.  The  light  fiJling  on  this  mirror  is  reflected  back  anin  along 
the  aame  {wth,  «'o,  to  the  plane  mirror,  mn,  which  again  reflects  it  to  8  in  a  beam  coin- 
cidinff  with  the  incident  light  This  will  be  the  case  in  all  positions  of  the  mirror  mn, 
proTided  the  light  is  reflected  from  it  to  M.  As  the  image  thus  sent  back  to  S  wonld 
be  eonfounded  with  the  incident  beam,  an  nnsilvered  plate  of  glass,  abf  is  placed  in 
such  a  position,  that  the  light  falling  upon  it  in  the  direction  oS  may  be  partly  reflected 
to  a,  where  it  may  be  obeyed  by  an  eye-piece  famished  with  a  vertical  wire.  If  the 
mirror  mn  be  mside  to  reTolve  slowly,  an  eye  placed  at  s  will  see  the  image  of  the  line 
of  liffht  at  intervals,  bnt  if  the  mirror  makes  more  than  10  turns  in  a  second,  the  image 
will  be  seen  continuously ;  and  if  the  eye-piece  be  adjusted,  so  that  the  image  sh^ 
coincide  wiUi  the  wire,  when  the  minor  makes  from  20  to  30  rerolutions  per  second, 
it  will  be  seen  to  deviate  in  the  direction  of  the  rotation  when  the  rate  is  increased 
to  several  hundred  turns  per  second ;  i^  for  example,  the  mirror  turns  in  the  direction 
of  the  arrow,  the  image  will  be  displaced  from  S  to  B,  or  from  «  to  r.  The  cause  of 
the  displacement  is  that  the  mirror  mn  has  time  to  revolve  through  a  sensible  ansle, 
during  the  time  occupied  by  the  light  in  travelling  fW)m  o  to  s'  and  from  s'  to  o,  so  tnat 
the  beam  of  light,  at  its  second  reflection  from  mn,  is  deflected  from  its  flrst  direction, 
forming,  with  the  incident  beam  So,  an  angle  equal  to  twice  the  angular  displacement  of 
the  mirror. 

The  mode  of  calculating  the  veloci^  of  light  f^m  the  observed  deviation  is  as 
follows: — Let  Sc  «■  r;  co  -*  /;  os'  —  c;  the  arc  of  deviation  SR  or  «r  ■■  d;  also  let 
n  be  the  number  of  turns  performed  by  the  mirror  mn  in  a  second,  and  V  the  velocity 
of  the  light  The  mirror  mn  having  moved  into  the  position  m'n\  by  the  time  that 
the  ray  reflected  from  M  returns  to  it,  the  deviation  would  be  equal  to  the  angle  SoR, 
if  the  ray  were  not  deflected  by  the  lens  cK,  or,  which  comes  to  the  same  thing,  if  the 
point  e  coincided  with  o.  Suppose,  flrst,  that  this  is  the  case ;  then  the  angle  SoR  is 
equal  to  twice  the  angle  o^  through  which  the  miiror  revolves  during  the  time  occupied 

by  the  light  in  passing  over  the  space  2o»'  »  2^.    This  time  is  -=»  and  since  the 

2nl 
mirror  makes  n  turns  in  a  second,  the  angle  a  b  -»..    The  angle  of  deflection  of  the 

AnT 
ray  is  therefore  -p-,  and  the  corresponding  arc,  whose  radius  is  oS  -•  r  -f  /,  is 

i   -    2a.2r.SS    -     ?=!^. 

But  the  reflected  ray  ia  actually  deflected  by  the  lens  E.  Draw  RV  through  the 
cptic  centre  e  and  the  point  R',  wmch  is  the  image  of  s'  in  the  mirror  m'n\  The  image 
i  f  R',  formed  by  the  lens  K,  will  then  be  at  £,  and  the  angle  of  deviation  will  be 

ScE  -  8.    Now  the  trianges  oR'S',  oR'S;  give  sin  B'dS'  -  sin  8  -  ^  *  rT'  '^^^ 

sin  R'oS*  «•  sin  2a  »  -y.    Hence,  replacing  the  angles  (which  are  very  small)  by 

AnT  AnF* 

their  smes,  and  mibetitating  for  2a  its  value  -»-,  we  find  8  -  f^  i    ^^  ;  and  for  the 

arcSE  *  D  *  2wrZ: 

^  -  nm)'  ^^^"^  ^  -  5(7Try 

a  formula  which  gives  the  velocity  of  light  as  a  fbnction  of  the  deviation. 

The  same  method  serves  also  to  measure  the  velocity  of  light  in  water  or  any  other 
liquid,  a  tube  T  containing  the  liquid,  and  closed  at  the  ends  with  flat  gUss  plates, 
being  interposed  between  the  mirror  mn  and  M'.  As,  however,  the  li^t  would  be 
refracted  by  the  liquid,  and  therefore  the  focus  would  not  fall  on  M',  a  diverging  lens 
is  placed  at  L  to  compensate  for  the  deviation  thence  arising. 

Moreover,  as  the  column  of  water  does  not  occupy  the  entire  space  between  the 
mirrors,  the  velocity  calculated  as  above  from  the  observed  deviation  is  only  the  mean 
velocity  of  light  in  a  space  occupied  partly  by  water  and  partly  by  air.  Let  U  be  this 
mean  velocity ;  w  and  a  the  spaces  occupied  by  the  water  and  air  respectively ;  V  and 
r  the  coiTeQK>nding  real  velocities.    The  times  occupied  by  the  light  in  traversing  the 

spaces  a  and  to  are  ^  and  -p,  and  the  whole  time  ia      fyp — .    Hence,  dividing  the 

total  space  a  -t-  why  the  time,  we  find  for  the  mean  velocity : 

U     -       Vna-^^ 

^      "        aV'  +  wV 
whence  K'     -  ^^^ 


By  this  method  it  is  foond  that  the  velocity  of  light  in  water  is  lest  tbaB  in  air,  a 
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This  photometer  gives  rery  exact  results  in  manj  cases;  but  in  appljing  it  to 
detenniiM  the  reUtiTe  illmninatiDff  poirer  of  a  gas-flame  and  a  candle,  a  difficulty 
arises  from  the  different  ooburs  of  the  two  shadows,  that  of  the  gas  being  bluish- 
browD,  while  that  of  the  candle  is  yeOowish-biown.  In  all  snch  cases^^Dnsen's 
photometer,  whose  indications  do  not  depend  on  depth  of  shadow,  is  mnch  more  con- 
Tenient. 

Banaen's  PkoiomiUr  consists  of  a  screen  of  thin  writing  paper  stretched  on  a 
frame,  and  saturated  with  a  eolation  of  spermaceti  in  oil  of  turpentine,  except  a  spot 
in  the  centre  about  the  size  of  a  shilling.  A  light  of  constant  intensity  being  placed 
at  a  llzed  distance  behind  the  screen,  the  nngreased  spot  appears  darker  than  the  rest 
of  the  eereen.  One  of  the  lights  to  be  comptued  is  then  placed  in  front  of  the  screen, 
so  that  itfl  reflected  rajs  may  be  added  to  the  light  transmitted  from  behind,  and 
a^jnsted  so  that  the  nngreased  spot  shall  be  illuminated  iust  as  much  as  the  rest  of 
the  sQx£sce,  and  shall  therefore  oe  no  longer  lisible.  This  will  be  the  case  when 
T  •¥  r  ^  t  +  R,  denoting  by  T,  t,  the  quantities  of  li^ht  transmitted  by  the  un- 
eorered  pert  of  the  screen,  and  the  part  covered  by  the  disc  respectively,  and  by  7?,  r. 
the  quantities  reflected.  A  predsdy  similar  experiment  being  then  made  with  the 
other  source  of  lights  the  intensities  of  the  two  will  be  to  one  another  as  the  squares 
of  their  diirtance  from  the  screen  at  which  the  disappearance  of  the  disc  takes  place. 
Sometimes  the  grease  is  applied  only  to  a  small  dremar  spot  in  the  centre  of  the  screen, 
which  then  transmits  more  light  than  the  rest  of  the  surface. 

Masson's  EUctro^kotometer,  This  apparatus  has  the  advantage  of  admitting  of 
the  eomperison  of  lights  d  difierent  colours.  It  consists  of  a  circular  disc  dividcMi 
into  white  and  Uack  sectors  of  e<|ual  sise,  and  set  in  motion  hj  clock-work  at  a  uniform 
rate  of  250  to  800  revolutions  m  a  second.  If  it  be  then  ulnminated  by  a  constant 
source  of  light,  such  as  a  lamp,  it  appears  of  a  uniform  ^re^  tint»  in  consequence  of 
the  duration  of  the  visual  impression  on  the  eye.  But  if  it  be  illuminated  by  an 
instsntaneous  light,  such  as  tne  electric  spark,  the  black  and  white  sectors  become 
distinctly  visible^  and  appear  as  if  .they  were  fixed,  because  they  have  not  time  to  moTo 
through  a  sensible  angle  daring  the  extremely  short  interval  for  which  the  spark  con- 
tinues. If  now  the  intensity  of  the  b'ght  afibraed  by  the  sparic  be  gradually  diminished, 
as  bv  removing  it  to  a  greater  distance,  the  source  of  constant  Bght  still  remaining, 
the  increase  of  illumination  which  the  spark  aflbrds  to  the  disc  ultimately  becomes 
too  feeble  to  render  the  sectors  visible,  so  that  the  disc  still  continues  to  exhibit  a 
uniform  grey  tint  The  relative  intensities  of  the  constant  and  instantaneous  lights 
at  whidi  this  Umit  is  attained,  evidently  depend  upon  the  number  of  the  sectors  and 
the  velocity  of  revolution. 

The  relative  intenadties  of  two  electric  sparks  are  as  the  squares  of  the  distances  to 
which  they  must  be  removed  from  the  disc  to  cause  the  sectors  to  disappear,  while 
the  disc  is  illuminated  by  a  constant  light.  On  the  other  hand,  to  use  the  instrument 
for  comparing  the  intensities  of  two  continuous  lights,  a  succession  of  electric  sparks 
is  made  to  pass  in  front  of  the  disc,  and  one  of  the  constant  lights  is  made  to  approach 
it  till  the  sectors  cease  to  be  distinguishable.  The  same  experiment  being  then  made 
with  the  other  lights  the  intensities  of  the  two  are  as  the  squares  of  Uie  distances 
thus  determined. 

By  means  of  this  instrument,  M.  Hasson  has  demonstrated  the  following  lawn  re- 
lating to  the  intensity  of  the  electric  light  1.  It  is  proportional  to  the  coated  $urf€U!e» 
hy  ike  discharge  of  which,  at  a  constant  distance,  the  spark  is  produced,  2,  It  is 
inifenely  as  the  distance  between  those  surfaces,  or  as  the  thickness  of  the  jar,  8.  It  is 
ffroportional  to  the  square  of  the  striking  distance,  4.  The  quantities  of  light  in  the 
spark  are  proportional  to  the  quantities  of  heat  developed  in  a  wire  forming  part  of  the 
same  circuit. 

General  results  of  photometric  observation, — 1.  By  comparing  the  quantities  of  light 
emitted  by  the  same  number  of  flames  in  different  relative  positions,  it  is  found  that 
flame  is  perfectly  transparent ;  in  fact  the  luminous  effect  of  a  series  of  candles  placed 
side  by  side,  is  the  same  whether  they  are  arranged  in  a  line  perpendicular  or  parallel  to 
the  direction  of  the  rays.  In  like  manner,  a  flat  ^as-flame,  like  that  of  a  bat*s-wing 
bomer,  giyes  the  same  amount  of  light  in  all  directions. 

2.  It  appears  from  observations  by  Bouguer,  made  with  Rumford's  photometer,  that 
one  of  the  shadows  thrown  by  lights  of  equal  brightness  disappears  when  one  of  the^e 
lights  is  placed  8  times  as  far  from  the  screen  as  the  other — that  is  to  say,  when 
the  nearer  light  illuminates  the  screen  64  times  as  strongly  as  the  other.  Hence  it 
ippears  that  light  emanating  from  any  sonrce  becomes  imperceptible  in  presence  of 
toother  64  times  as  strons ;  the  disappearance  of  the  stars  in  daylight  shows,  there- 
fore, that  the  diffhsed  light  of  the  earth's  atmosphere  must  be  at  least  64  times  as 
■troDgu  that  sent  to  us  from  any  of  the  stars. 

3.  When  the  flames  of  two  lamps  or  candles  touch  one  another,  the  intensity  of  the 
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grvmter  than  the  difference  of  the  separate  waves.  This  composition  or  superposition 
of  oscillations  is  called  I  n  te rf  er enee.  In  order  that  it  may  take  place  along  a  whole 
liue  of  wave,  it  is  clear  that  the  component  waves  most  be  of  the  same  breadth,  and 
that  they  must  proceed  from  points  veiy  near  each  other,  otherwise  their  paths  will 
intersect  only  at  isolated  points. 

Let  us  now  enquire  whether  these  principles  are  applicable  in  the  case  of  light.  If 
light  consists  of  undulations,  and  these  undulations  are  goTemed  by  ordinary  me- 
chanical  laws,  it  must  follow  that  two  rays  of  light  may  meet  one  another  in  such  a 
manner  as  to  counteract  each  other's  action  and  produce  darkness ;  and  such,  in  fact^  is 
found  to  be  the  case. 

Suppose  *,  $'  {fig.  646)  to  be  two  radiant  points  reiy  close  together,  and  producing 
in  the  luminiferous  ether,  wares  of  the  same  length  (of  red  li^t,  for  example)  and 
alwa3rs  in  the  same  phase  of 

vibration  at  the  instant  of  Fig,  646. 

starting  from,  these  points. 
Imagine  also  two  series  of 
spherical  wave-surfaces  hav- 
ing the  points  «,  /  for  centres, 
mod  with  radii  increasing  suc- 
cessively by  half  the  length 

of  a  wave  ■■  ^.  These  sur- 
faces will  cut  the  plane  of  the 
fignre  in  two  systems  of  arcs^ 
which  will  intersect  one  ano- 
ther in  the  mannex  shown  in 
the  figure,  in  which  each  two 
coDsecutive  arcs,  one  repre- 
sented by  a  full,  the  other  by 
a  dotted  line,  are  separated 

bj  the  interval  f,  and  each  ; 

pair  of  alternate  arcs  (both 
full  or  both  dotted)  by  the 
interval  X,  or  a  whole  undula* 
tion. 

Consider  now  the  point  a,  situated  on  the  line  Aa,  drawn  perpendicular  to  s^,  through 
its  middle  point  A.  The  two  rays  so,  ^o,  being^  of  equal  length,  are  in  the  same 
phase  of  vibration :  consequently  their  intensities  will  be  added  to  one  another  and  will 
produce  increased  light,  and  the  same  effect  will  be  produced  at  c,  e\  and  at  all  the 
intersections  of  the  continuous  arcs,  where  the  difference  in  length  of  the  rays 
proceeding  horn  the  points  «,  t  is  equal  to  any  multiple  of  A  or  to  any  even  multiple  ' 

of  ^.    But  at  ft,  W  or  any  other  intersections  of  a  continuous  and  a  dotted  arc,  where 

the  difference  in  length  of  the  rays  «n,  /n,  &c,  is  equal  to  ^,  or  any  odd  multiple 

thereof,  the  ravs  are  in  opposite  phases,  so  that  their  vibrations  act  against  one 
another,  and  the  amount  of  light  at  those  points  is  less  than  it  would  be  if  only 
one  of  the  rays  arrived  there.  The  distance  between  the  points  8,  s'  being  very  small 
compared  with  A  a,  the  surface  anc  is  very  nearly  plane,  so,  that  if  a  white  screen 
be  pUced  there,  a  succession  of  luminous  points,  a,  c,  c\  &c,  will  be  formed  upon  it 
separated  by  dark  spaces,  fi,  n\  &c 

If  the  sources  s,  s\  instead  of  being  luminous  points,  are  lines  of  light  perpendicular  to 
the  plane  of  the  figure,  a  series  of  dtemate  light  and  dark  bands,  or  fringes,  will  be 
produced  parallel  to  those  lines. 

The  conditions  essential  for  exhibiting  these  effects  are,  that  the  two  luminous 
sources  s,  s'  shall  be  very  near  one  another,  and  that  the  waves  emanating  from  them 
shall  always  be  simultaneously  in  the  same  phase.  These  conditions  are  most  easily 
fulfilled  by  the  following  arrangement  devised  byFresnel : — 

A  beam  of  light  entering  through  a  rectangular  slit  in  the  shutter  of  a  darkened  room, 
and  passing  through  a  plate  of  red  glass,  is  condensed  at  S  to  a  very  fine  line  of  light, 
by  a  cylin£ical  lens  L  (Jig.  646)  of  very  short  focus.  The  rays  there  cross  each  other, 
and  fall  upon  two  plane  mirrors  Im,  Im\  placed  togf>ther  at  a  very  obtuse  angle,  and 
having  their  line  of  intersection  parallel  to  the  line  of  light  The  rays,  after  reflection 
from  these  mirrors,  proceed  as  if  they  had  originally  issued  frx>m  two  points  «,  s\ 
situated  symmetrical^  to  the  point  S,  behind  each  of  the  mirrors.     The  mirrors  being 
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placed  nearij  in  one  plane,  the  points  »  »'  are  Teiy  dose  togedMi;  m  tfa«fc  tfi  fti 
conditions  are  ihlfilled  lor  the  production  of  light  and  daA  fringes  on  the  sew^ 
as  above  described. 

Instead  of  reflecting  the  light  diverging  from  S  from  two  plane  unzron,  it  aaf 
be  made  to  pass  through  a  glass  prism  having  a  very  larse  refracting  aag^  Tht 
fringes  also,  instead  of  being  received  on  a  screen,  may  be  viewed  through  a  liUs(n|w, 
and  their  angular  breadths  estimated  by  micrometrical  measurement. 

ff  ike  beam  of  Ught  proceeding  f rem  one  of  the  pointt  s,  /,  be  uUeteepUd,  tJm  fAM 
of  the  fringe*  disappear,  and  the  light  from  the  other  souitse  produoea  a  vmftitB 
illumination  on  the  screen,  plainly  showing  that  the  fringes  are  produced  bj  the  eoM- 
bination  or  interference  of  the  rays  proceeding  from  the  two  sources. 

Measuremeni  of  the  lengths  of  the  waves  of  light. — The  breadths  of  ^c  friagw 
having  been  ascertained,  as  above  described,  an  easy  calculation  gives  the  lengths  of 
the  waves  of  the  particular  light  by  which  they  are  produced.  In  >^.  646,  the  un^ 
of  the  wave  X  is  equal  to  the  distance  za.  Now  the  curvilinear  tnangle  ast  maj  bt 
regarded  as  a  right-angled  triangle,  whose  hypothenuse  ac^bia  the  distasee  tnm  tk 
centre  to  the  int  bright  lateral  fringe.  Moreover,  the  angles  «08  and  j«^  »  • 
are  equal,  because  their  sides  are  respectively  peipendicular  to  one  another: 

A  «  b  mn  m. 


Hence  to  obtain  the  value  of  A,  it  is  sufficient  to  measure  the  an^e  tas'  wilfa  a  j^ 
peating  circle,  and  the  distance  ae  with  a  micrometer.  A  more  exact  moda  at  dsi9> 
mination  wUl  be  described  hereafter. 

The  length  A  is  proportional  to  the  distance  ae.  Now  the  breadth  of  the  frinees  b 
found  to  be  greatest  in  red  and  least  in  violet  light,  and  of  intermediate  breadths  im 
the  interme<uate  colours  of  the  spectrum :  hence  also  it  follows  that  the  lengths  of  ik 
waves  are  greatest  in  red  and  least  in  violet  light. 

The  formula  A  —  ^,  in  which  « is  the  velocity  of  li^t^  and  fi  the  number  of  vHia- 

tions  per  second,  shows  that  the  vibrations  are  most  rapid  in  violet,  and  least  r^ad  ia 
red  light 

The  length  of  the  wave  and  the  rapidity  of  vibration  of  the  paitidea  of  the  ether 
determine  the  colour  of  the  light,  just  as  the  length  of  the  sound-wave  and  the  rsu  d 
vibrations  of  the  particles  of  the  air,  determine  Uie  pitch  of  sound. 

The  following  table  exhibits  the  wave-lengths  and  the  number  of  Tibratioas  prr 
second  of  the  mean  rays  of  the  several  colours  of  the  spectrum,  and  of  the  prine^ 
fixed  Unes: 


Fixed  lines  and 
colours. 

ValoM 
of  A  to  ten. 

ofa 
mUllmctre. 

Namber  of 

par  second  io 
mlllioDS  of 
millioDs. 

FUed  lines  and 
cokmrs. 

Valon 
oTAIoUD. 

of  a 

mUltnetra. 

TtfciaH— ■ 
pmrttttml'm 

Line  B    . 
lineO     . 
Mean  red 
LineD    .        . 
Mean  orange    . 
Mean  yellow    . 
LineE    .        . 

6-88 
6-66 
6-20 
5-89 
6-83 
6-61 
6*26 

•  • 

528 
629 

•  • 

Mean  green 
Line  F      . 
Mean  blue 
Mean  indigo      . 
Line  G 
Mean  violet 
LineH     .        . 

612 

4-84 
4-76 
4-49 
4-29 
4-23 
8^3 

601      , 

648 

68« 

7» 

The  expression  b  »  -r-^,  which  gives  the  breadth  of  the  fringes  in  tenaa  of  tk 

wave-length  and  the  angle  •»,  shows  that  for  each  colour  they  are  broader  ia  ftopf^ 
tion  as  that  angle  is  smidler.  If  it  is  too  large,  that  is,  if  the  distance  «  j'  is  too  gntf 
in  proportion  to  ^  a,  the  fringes  disappear  altogether;  they  are  still  visibly,  hoavv^ 
when  this  angle  has  a  magnitude  of  several  degrees. 

The  fringes  being  of  different  breadths  in  Uie  different  coloured  li^ts,  and  wias 
light,  as  wul  hereafter  be  shown,  being  a  mixture  of  all  the  colours  of  the  apetUiut 
it  follows  that  when  the  preceding  en>eriment  is  made  with  white  light  (s«n-&^ 
the  electric  lieht,  or  the  time-light),  the  bands  produced  are  not  simply  bright  asd 
dark  altemat^y,  but  exhibit  a  succession  of  colours  produced  by  the  combtnatioa  if 
the  simple  colours  in  various  proportions,  and  not  separated  by  anj  abaohitely  dizk 
bands.  Moreover,  these  coloured  fringes  are  much  less  numerous  than  the  ubj» 
light  and  dark  bands  produced  bv  homogeneous  light,  because  the  brauiths  of  a* 
simple-colonred  fringes  of  which  they  are  composed  do  not  vaiy  prraortionaDy  to  ca» 
another,  as  their  distance  from  the  centre  incveases;  hence,  thej  utimatelj  hi 
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mixed,  and  leprodnoe  white  light  Eren  the  simple  fringes  formed  in  homogeneous 
light  become  less  and  less  distinct  as  thej  recede  from  the  centre,  and  ultimateljr  dis- 
appear when  the  difference  between  the  lengths  of  the  rays  which  form  them  becomes 
equal  to  a  ceztain  nnmber  of  h&lf-undnlations.  The  caose  of  this  disappearance  is, 
that  the  light  used  in  the  experiment  is  ncTer  absolutely  homogeneous,  and  that  the 
want  <t(  perfect  equality  between  the  lengths  of  the  waves  which  compose  it,  ultimately 
makes  itself  pero^ble,  the  fringes  of  different  breadths  overlapping  and  effacing  each 
other  in  the  same  manner  as  when  white  h'ght  is  used,  though  at  a  much  greater 
distance  from  the  centre.  Whatever  kind  of  hght  is  employe^  the  fringes  are  more 
distinct  and  numerous  in  proportion  as  the  Hue  of  light  is  narrower,  provided  it  be 
wide  enough  to  give  the  required  amount  of  illumination ;  for  it  is  evident  that  a 
broad  aperture  may  be  regarded  as  a  number  of  narrow  ones  placed  side  by  side,  each 
producing  its  own  set  of  fringes,  which,  as  they  do  not  coincide  in  position,  will  overly 
and  effiice  each  other  more  or  less  completely. 

If  a  very 'thin  plate  of  glass,  mica,  selenite,  or  other  transparent  substance  be  placed 
in  front  of  one  of  the  mirrors  (Jig,  646),  so  that  the  rays  proceeding  from  one  of  the 
points,  s,  »\  shall  be  obliged  to  pass  through  it  before  reaching  the  screen  or  telescope, 
the  whole  of  the  fringes  will  be  displaced  towards  the  side  on  which  the  transparent 
plate  is  situated,  so  that  the  central  fringe  a  will  no  longer  be  opposite  to  A.  Suppose 
the  displacement  to  be  towards  the  right  of  the  figure;  then  the  line  »'a  will  be 
shorter  than  «a.  Now,  as  the  two  rays  forming  this  central  fringe  must  contain  the 
same  number  of  wave-lengths,  it  follows  that  these  wave-lengths  are  less  in  the  more 
highly  refracting  substance  (^ass,  &c.)  than  in  the  air.  The  velocity  of  the  light  is, 
therpfore,  diminished  in  the  mors  highly  refracting  medium ;  and  experiment  shows 
that  the  retardation  thus  produced  is  greater  as  the  refracting  power  is  greater.  This 
result  is  in  accordance  with  the  direct  measurement  of  the  velocity  of  light  in  air  and 
water  (p.  d96),  and  likewise,  as  we  shall  presently  see,  with  the  law  of  refraction. 
Moreover,  as  the  velocity  of  transmission  of  vibrations  in  an  elastic  medium  is  related 

to  its  elasticity  and  density  by  the  equation  v*  »  ^ ,  it  follows  also  that  the  elasticity 

of  the  ether  is  least,  or  its  depsity  greatest,  in  the  most  highly  refracting  media. 

The  transparent  plate  used  in  the  experiment  just  described  must  be  extremely  thin ; 
otherwise  the  fringes  will  disappear  altogether,  just  as  if  an  opaque  screen  had  been 
interposed.  A  thicker  plate  would,  in  fact,  shift  the  fringes  beyond  the  snace  in  which 
the  two  systems  of  waves  meet  each  other,  namely,  the  space  boundea  by  the  two 
eteiight  lines  passing  through  «,  /  and  the  intersection,  I,  of  the  mirrors. 

2Mft«ctioii«  The  principle  of  interference  serves  to  explain  some  very  remarkable 
and  beautiiul  phenomena  which  are  observed  when  light  passes  by  the  edge  of  an 
opaque  body,  or  through  a  small  aperture.  The  effects  thus  produced  consist  in  this, 
that  the  light  bends  to  a  certain  extent  within  the  geometric  shadow  bounded  by 
straight  lines  drawn  frt>m  the  luminous  point  through  the  edges  of  the  opaque  body, 
I'ust  as  a  wave  in  water  will  turn  the  angle  of  a  wall,  or  spread  itself  through  a  hole 
in  any  fixed  obstacle.  The  result  is  the  formation  of  a  number  of  alternate  bright  and 
dark  bands  or  coloured  fringes,  sometimes  within  the  shadow,  sometimes  beyond  it, 
sometimes  in  both  places  at  once.  These  effects,  formerly  known  as  Inflection,  but 
now  ttlled  Diffraction,  admit  of  complete  explani^-  _^ 

tion  on  the  vrave-theory  tk  light,  but  are  quite  inexpli-  ^^'^  ®*'* 

cable  on  the  theory  of  emission. 

The  explanation  of  diffraction  on  the  undulatory 
theory  depends  upon  the  general  principle  first  enun- 
ciated by  Huyghens,  that — The  vibrations  of  a  toave      jm 
of  liaht^  at  each  ofitapoints,  may  he  regarded  as  the     f\  \. 

resultant  of  the  elementary  movements  which  would  ^^^l   j  ^^ 

communicated  to  it^  at  the  same  instant^  by  all  the  parts  ^ 
of  the  same  wave  in  any  one  of  its  previous  positions. 
For  it  is  evident,  from  the  elasticity  of  the  ether,  and 
the  frdhty  with  which  vibratory  movements  are  trans- 
mitted though  it,  that  its  particles  do  not  vibrate 
independently  of  each  other,  but  that  each  may  be 
regarded  as  a  centre  of  disturbance  with  regard  to  all 
around  it  Consequently,  each  point  of  a  spherical 
wave,  mn  (jig.  647),  will  produce  by  its  vibration,  a 
number  of  secondary  spherical  waves,  which,  spreading 
out  with  the  same  rapidity,  will  have  for  ueir  en-  ^ 

veloping  surfi(u:e— that  is  to  say,  for  the  general  sur- 

&ce  of  the  wave  as  it  spreads  outwards— another  spherical  surface,  m*n\  oonesntrie 
with  the  former.    Hence  the  vibration  imparted  to  any  point  P,  by  the  wave  sm^ 
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Aa'»  h'n*  a  2\  &c^  will  receive  less  light  than  if  the  screen  were  sway,  and  will 

therefore  be  the  oentrM  of  dark  fringes.    The  general  result  may  be  thna  stated: 

The  presence  of  a  screen  increnses  the  intensity  _. 

of  the  light  at  every  point  so  situated  that  the  ^*  ''**• 

broken  Ime  (SA,  Ac  for  example)  passing  to  it  * 

from  the  source  of  light  by  the  edge  of  the  screen 

exceeds  the  straight  line  (8c)  drawn  to  it  directly 

from  the  luminous  s  jurce,  by  an  odd  number  of  haif 

undulations,  and  diminishes  the  intensity  of  the 

light  at  every  point  so  situated,  that  the  broken 

line  (SA,  An)  proceeding  to  it  from  the  luminous 

Euint  by  the  edge  of  the  screen,  exceeds  the  straight 
ne  joiniu^  it  with  the  luminous  point,  by  an  even 
number  of  nalf-undulations. 

In  this  manner,  a  succession  of  bright  and 
dark  fringes  are  prcxluoed  beyond  the  geometrical 
shadow  of  AB ;  they  may  either  be  received  on  the 
screen  CD,  or  viewed  by  a  telescope  directed  to  the 
edge  A,  the  latter  being  of  course  the  better  method 
for  exact  measurement.  They  become  less  and  less 
distinct  as  their  distance  from  the  edge  of  the 
shadow  increases,  because  the  successive  arcs  Ao, 
ab,  bd,  &C.  do  not  neutralise  each  other's  action  . 
completely,  so  thai  a  small  quantity  of  light  always 

mixes  wiUi  the  dark  frinffee,  increasing  in  amount  as  they  are  more  distant  from  P. 
Finally,  at  points  situated  so  &r  from  P  that  the  portion  of  the  hatf-wave  intercepted 
by  the  screen  is  too  far  from  the  pole  b'  to  produce  a  sensible  effect,  the  fringes  disappear 
altogether,  and  the  surface  of  the  screen  becomes  uniformly  illuminated  with  light  of 
intensity  »  2. 

The  fringes  are  broadest  in  red,  and  narrowest  in  violet  light ;  and  in  white  light 
fringes  of  compound  colours  are  formed,  as  in  the  experiment  with  the  mirrors. 

The  locus  of  each  fringe,  light  or  dsrk,  oonsiderea  at  different  distances  from  the 
luminous  source,  is  a  hyperbola,  having  the  points  A,  s  for  its  foci.  The  dark  fringe 
fi,  for  example,  of  the  mth  order,  gives  An  —  bn  ^m,\\;  and  subtracting  these 
equal  magnitudes  from  sb  »  <A,  we  have  sb  ~  An  -i-  ^,  or  «n  —  An  b  <A  —  m .  4a. 
The  difference  m  —  An  is  therefore  constant,  whatever  may  be  the  length  of  AP ; 
consequently,  the  locus  of  the  point  n  is  a  hyperbola  whose  fbci  are  A  and  S. 

There  is  also  a  certain  quantity  of  light  toithin  the  geometrical  shadow.  For  any 
point  p  situated  to  the  ri^ht  of  P  (Jia.  649)  receives  light  from  a  certain  portion  of  the 
wave  Aab ;  but  this  portion  is  smaUer  and  fiirther  from  the  corresponding  pole,  as  p 
is  more  remote  from  P :  hence  the  brightness  of  the  light  diminishes  rapidly  from 
the  edge  of  the  shadow  inwards;  but  the  diminution  is  continuous  and  no  fringes  are 
produced. 

Fringes  at  the  edge  of  a  Mirror. — Rays  reflected  from  the  edge  of  a  plane  mirror 
inclined  to  their  direction,  proceed  as  if  they  had  originally  issued  from  a  line  of  light 
situated  symmetrically  behind  the  mirror.  The  space  beyond  the  mirror  may  there- 
fore be  compared  to  the  opaque  screen  in  the  experiment  last  described :  hence  the 
fringes  are  produced  towards  the  surface  of  the  mirror,  whilst  a  continuous  light  is 
visible  for  a  short  distance  beyond  it 

2.  Fringes  produced  by  narrow  rectangtdar  apertures. — Light  passing  through  such 
an  aperture  may  form  fringes  in  the  beam  of  light  itself  and  in  the  shadow,  separately 
or  together,  according  to  the  width  of  the  slit  and  the  distance  at  which  the  fringes  are 
viewed.  They  may  be  observed  by  means  of  a  very  simple  apparatus,  consisting  of 
two  thin  plates  of  copper  fixed  in  a  small  frame,  one  of  them  being  capable  of  sliding 
backwaros  and  forwards,  so  as  to  vary  the  width  of  the  aperture  at  pleasure.  On  look- 
ing at  the  flame  of  a  candle  or  other  source  of  light  through  the  slit,  brilliant  coloured 
fringes  are  seen  parallel  to  the  edges  of  the  slit.  These  fringes  are  also  very  dis- 
tinctly seen  on  viewing  the  flame  of  a  candle  between  two  fingers  held  up  so  as  to 
leave  a  very  narrow  space  between  them. 

Internal  Fringes.— Let  AB  (Jig.  660)  be  the  slit,  S  the  source  of  light,  rendered  homo- 
geneous by  passing  through  a  coloured  glass ;  and  suppose  in  the  first  place  that  the 
screen  A'B',  on  which  the  light  is  thrown,  is  placed  at  such  a  distance  that  AP  —  oP 
and  BP  »  oP»|A  ;  then  all  the  points  of  the  part  AB  of  the  wave-surface  will  be  in 
accordance  with  each  other,  and  there  will  be  a  bright  band  at  P.  The  same  will  be 
the  case  a  fortiori,  if  the  screen  A'B*  is  still  farther  removed,  as  to  A*^.  But  if 
the  screen  be  moved  to  a  shorter  distance  from  the  slit»  sach  that  AP  —  oP  is 
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msy  be  eonsidered  as  proeeeding,  are  situated  somewhat  closer  to  A  and  B  than  thej 

woold  be  if  the  portions  of  the  ware  beyond  a  and  a'  were  cut  off.    At  any  poin* 

St  within  the  shadow,  there  will  be  a  light  or  a  dark  -^ 

b«od  (in  homogeneons  light),  according  as  o'n  —  on  is  ^'  "^^' 

Moal  to  an  odd  or  even  number  of  half-nndoUtions.  ^ 

The  point  P  in  the  middle  of  the  geometric  shadow, 

beinff  perfectly  symmetrical  with  regard  to  the  arcs 

Ad,  Ba,  receiTes  nom  them  accordant  impulses,  and  is 

therelcoe  the  centre  of  a  bright  band. 

The  fringes  are  wider  apart  in  proportion  as  AB  is 
•mailer,  because  in  order,  to  obtain  a  given  difference 
of  length  in  the  rays  on,  on\  the  point  n  must  then  be 
taken  farther  from  P.  This  ma^  be  yerified  by  viewing  v 
a  needle  held  parallel  to  a  bright  line  of  Hght;  the 
fringes  are  then  much  broader  near  the  point  than  near  . 
the  eye. 

6.  FrinaeM  produced  by  screens  or  apertures  which  are 
vrry  small  m  all  directions — The  effects  in  this  case 
are  much  more  complicated  than  in  those  above  consi- 
dered, where  the  edges  of  the  screen  or  aperture  are 
i»nppoeed  to  be  straight,  and  so  much  elongated  that  it 
i»  sufficient  to  consider  the  effect  of  the  cylindrical  wave 
situated  in  a  section  at  right  angles  to  the  screen  or 
aperture.  But  in  the  case  now  under  consideration  it  is 
Decessary  to  consider  the  actions  resulting  from  all  the 

points  of  the  free  surfiice  of  the  wave,  and  the  problem  becomes  too  complicated  to  be 
treated  without  the  aid  of  the  higher  analysis.  We  shall  therefore  merely  enumerate 
the  effects  produced  in  a  few  of  the  more  simple  cases. 

When  rays  proceeding  from  a  luminous  point  pass  Ihiongh  a  small  circular  aperture 
circular  fringes  are  formed,  both  within  and  beyond  the  geometric  image.  The 
circular  aperture  may  in  fact  be  regarded  as  a  number  of  very  narrow  rectilineal 
apertures  radiating  from  the  centre.  In  homogeneous  light  the  rings  are  equidistant, 
and  their  diameters  are  inversely  as  that  of  the  aperture,  excepting  that  the  distance 
from  the  centre  to  the  first  rine  is  less  than  that  between  two  consecutive  rings.  The 
centre  is  bright  or  dark,  according  to  the  proportion  between  the  size  of  the  aperture 
and  its  distance  from  the  screen,  and  either  Uie  external  or  internal  rings  may  disap- 
[>ear  according  to  these  dimensions. 

A  small  circular  screen  also  produces  fringes  similar  to  those  of  the  linear  fringes 
formed  by  a  narrow  rectangular  screen.  At  certain  distances,  the  centre  of  the  shadow  ■ 
19  as  bright  as  if  the  screen  were  not  there. 

A  small  rectangular  aperture  forms  two  series  of  fringes  at  right  angles  to  its  sides ; 
their  distances  being  inversely  as  the  widths  of  the  aperture  in  all  directions.  There 
is  also  a  great  number  of  small  spectra,  regularly  distributed  in  the  angular  spaces 
formed  by  the  two  series  of  fringes. 

Two  small  cireular  apertures  pUced  at  a  certain  distance  from  one  another,  form  two 
series  of  rings  just  as  if  each  of  them  existed  alone ;  but  if  they  are  close  enough  to 
make  the  rings  overlap,  the  rays  proceeding  from  the  two  likewise  produce,  by  ttieir 
interference,  a  series  of  veiy  close  rectilmeal  fringes  at  right  angles  to  the  line 
joining  the  centres  of  the  apertures,  together  with  two  sets  of  oblique  fringes  passiug 
through  the  middle  point  between  these  centres.  This  is  the  original  experiment  of 
Grimaldi  already  referred  to  (p.  604). 

6.  Diffraction  through  Gratings  or  Networks. — ^When  light,  instead  of 
poasing  through  one  or  two  small  apertures,  passes  through  a  great  number  of  them 
rery  close  together  and  regularly  distributed,  some  very  remarkable  dififraction  pheno- 
mena are  produced,  which  were  discovered  by  Fraunhofer.  Such  a  system  of  apertures 
is  called  in  optical  language  a  grating  (rheau,  Fr. ;  Gittrr,  Germ.). 

Fraunhofer  formed  his  gratings:—!.  By  winding  a  very  fine  wire  round  two  parallel 
screws  of  equal  diameter  and  very  fine  thread. — 2.  By  tracing  very  fine  parallel  lines 
on  a  film  of  gold-leaf  fixed  on  a  plate  of  glass. — 3.  By  tracing  lines  with  a  diamond  on 
a  plate  of  glass,  the  lines  thus  formed  being  opaque,  while  the  intermediate  spaces  are 
transparent  This  is  the  method  now  generally  adopted,  a  dividing  engine  being  used 
to  ensure  regularity  in  the  lines.  Sometimes  the  lines  are  traced  on  glass  covered 
with  a  thin  coat  of  varnish,  and  etched  with  hydrofluoric  add.  When  great  regularity 
is  desired,  the  number  of  lines  in  a  millimetre  must  not  exceed  300,  and  38  in  that 
space  are  sufficient  for  the  complete  manifestation  of  the  phenomena. 

Effects  of  Parallel  gratings.— k  line  of  light  viewed  through  a  grating  formed  by 
parallel  lines,  appears  just  as  it  would  to  the  naked  eye,  excepting  that  it  is  somewhat 
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fOTen  the  demcBt  of  the  ware  which  would  counteract  the  action  of  the  preceding 
eiementi  light  will  be  seen  in  the  direction  Cd^  the  distance  Ad  being  greater  in  piv>- 
portion  as  the  eye  is  farther  ^m  the  grating.  If,  for  example,  the  angle  AC<3?  is  of 
such  a  magnitode  that  c^C  —  oC  »  oC  —  cG  »  ^A  of  the  violet,  the  vibrations  oommu* 
nicated  to  the  point  C  by  the  element  eo,  will  not  be  destroyed  by  od,  and  violet  light 
will  be  seen  in  the  direction  Co,  brighter  in  proportion  as  the  edge  of  the  dark  space 
is  nearer  to  o. 

To  calculate  the  deviation  dCA  ■-  i,  describe  the  arc  er  having  its  centre  at  C ; 
the  triangle  der  givea  dr  ^  \  wm'cct  sin  d ;  and  supposing  cd  to  he  contained  N  times 
in  a  millimetre,  we  have  then  1  =  N.  cd^  and  the  preceding  equation  eives  sin  (^=Na, 
or  taking  the  angle  for  the  sine,  d  »  N\  which  is  in  fact  the  general  formula  of  the 
diffinction- spectra  (^D  «  mArN)  applied  to  the  case  of  the  first  spectruoL  It  shows 
that  the  deviation  is  independent  of  the  difference  between  the  opaque  and  the  tmiis- 
parent  spaces,  and  that  the  constant  k  is  the  length  of  an  undulation  corresponding 
to  the  colour  under  consideration.  For  the  other  colours^  we  find  in  like  manner 
<f  «  Na',  cT—  Na",  &C.,  \  being  greater  A,  and  A"  greater  than  X'  &c.  The  colours 
will  therefore  appear  one  after  the  other,  at  angular  distancee  sensibly  proportional  to 
A,  A',  A*,  &c 

Consider,  in  the  next  nlace,  another  element  of  the  grating  at  such  a  distance  from 
A  that  the  difference  rfC  -  cC  ■■  2A,  or  in  general  to  wjA,  m  being  a  whole  number. 
The  interval  may  then  be  divided  into  2m  elements  of  interference  corresponding 
to  differences  of  distance  from  C,  equal  to  ^A,  and  these  elements  being  of  even 
number,  the  actions  resulting  firom  their  several  points  would  counteract  one  another 
two  by  two,  if  there  were  no  opsqne  spaces,  ^ut  if  the  opaque  spaces  cover  an 
vnetfen  number  of  elements,  so  that  an  uneven  number  also  remains  free,  one  of  these 
latter  will  act  unopposed,  and  there  will  be  lieht  in  the  corresponding  direction.  The 
triangle  cdr,  then  gives  d  ■■  imXK,  which  is  the  general  formula  above  given. 

It  remains  to  be  seen  why  the  light  of  any  particular  colour  is  wanting  between  the 
luminous  band  which  corresponds  to  the  mfference  of  distance  m\  from  C,  and  that 
which  corresponds  to  {m  -4-  1)A.  Now  between  the  lines  of  the  grating  corresponding 
to  these  two  bands,  two  zones  may  be  found  in  which  the  differences  of  distance  from 
the  point  C  increases  from  mxtomk  +  }X,  then  from  this  latter  to  mA  +  2  .  |A  » 
(m  4-  1)A.  The  rays  emanating  from  the  corresponding  points  of  these  two  zones 
differ  in  length  of  path  by  |A,  and  destroy  one  another  on  reaching  the  point  C. 
Dark  bands  will  therefore  occur  in  the  direction  of  these  zones.  In  white  light,  how- 
ever, the  colours,  bv  overlapping  one  another,  obliterate  all  these  dark  bands,  excepting 
the  first  two  on  either  side. 

If  the  source  of  light  is  too  near  the  grating  to  allow  the  rays  to  be  regarded  as 
parallel,  the  same  mode  of  explanation  is  still  applicable,  only  it  becomes  necessary  to 
take  account  of  the  difference  of  path  of  the  contiguous  oblique  rays  at  the  moment 
when  they  reach  the  grating. 

The  formula  sin  a  »  mNA,  shows  that  when  Nx  is  greater  than  1,  that  is  to  say 

when  ^  or  an  dement  of  the  grating,  is  less  than  A,  sin  (2  becomes  greater  than  1,  which 

is  impossible ;  in  this  case  therefore  no  spectra  can  be  formed,  and  in  fiict  gratings 
which  have  their  ban  too  close  do  not  form  any. 

If  the  spectra  are  observed  in  any  other  medium,  as  when  the  slit  and  grating  are 
placed  at  the  opposite  ends  of  a  tube  filled  with  water  or  other  liquid,  then,  if  /  is  tlie 
length  of  an  undulation  of  violet  light  in  that  liquid,  the  deviation  will  he  d^  =  Na, 
which  combined  with  the  equation  d  »  Ka,  for  the  deviation  of  the  same  part  of  the 
spectnim  in  air,  ^vee  (f^  :  ^  »  ' :  A,  which  is  the  ratio  of  the  indices  of  refraction  in 
the  medium  and  in  air. 

MeaturtTnent  of  A.  The  equation,  sin  i  »  Na,  gives  the  means  of  measuring 
with  great  accuracy  the  wave-lengths  corresponding  to  the  several  fixed  lines  of  the 
spectrum,  which  caimot  be  done  with  the  interference-fringes  in  Fresnel's  experiment 
(p.  599),  because  the  lines  are  not  distinct  It  is  by  this  method  that Babi net  deter- 
mined the  values  given  in  the  table  on  p.  600. 

Irregular  Gratinge. — Gratings  whose  ban  are  totally  destitute  of  regulnr  arrangement 
producenothing  butawhitish  train  of  lightat  right  angles  to  the  ban :  butif  the  irregulari- 
tes  are  subject  to  a  certain  law  and  recur  periodically,  spectra  are  produced,  whose  devia- 
tion is  expressedbj  the  formula  sin  d  ""-r-t  ui  which  L  denotes  the  space  comprising  one 

complete  set  of  bars.  The  successive  spectra  then  differ  greatly  in  brightness ;  some 
an  very  pale,  and,  occurring  by  the  side  of  very  bright  ones,  partly  overlap  them,  but 
do  not  perceptibly  alter  their  ooloura :  hence  hues  may  be  distinguished  in  some  of 
these  spectra  of  the  higher  orden,  which  cannot  be  seen  in  the  spectra  of  the  correspond- 
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to  M  and  m';  then  a  Tibzation  of  the  ray  so,  in  leadiing  the  snifkee  ab,  will  hmre 
travelled  over  a  space  greater  by  aa  th&n  the  correepondiDg  vibration  of  the  ray  1^  • 
but  when  the  two  arrive  at  the  surface  a$  of  the  refracted  ware,  te  will  bavs  moved 
over  a  space  which,  expressed  in  wave-lengths,  is  greater,  by  /i .  efi—aa,  than  that 
passed  over  by  ml  Let  t  be  the  angle  of  incidence,  aea,  and  p  the  angle  of  refrac- 
tion, eafi,  of  the  ray  an.    Then  the  right-angled  trianglea  efia,  eaa  give  r/9  »  a«.  sin  p ; 

am^ae.mni;  therefore  fi.f/9  —  aa«-a«(/i.8inp~sint);  and  ae  «■       . — ^-^ — :. 

/a,  sin p— sm  I 

Now  the  rays  an,  en'  wiU  destroy  one  another  by  interference  when  the  differeDce 

M. «i3 -<ui »  1^ :  therefore,  when  ae  »  — r-^ -. — >    This  shows  that  ae  is  aniAlIer, 

p.e^    ^     r-,  ^  M8inp-8int  ^^ 

or  the  interfiering  rays  are  closer  together,  the  more  the  ratio  —. —  differs  from  /a ;  but 
"  sin  p 

when  it  is  equal  to  m>  that  is,  when  the  refracted  ray  is  in  the  direction  indicated  by 

the  law  of  the  sines,  ae  becomes  infinite,  and  therefore  there  is  no  interference. 

A  precisely  simihir  construction  and  demonstration,  applied  to  the  reflected  rays 

an",  mT  {fig,  666),  shows  that  the  contiguous  reflected  rays  destroy  each  other  in  all 

^.666. 


eases  excepting  when  sin  p  ■-  sin  ^  that  is  to  say,  when  the  reflected  and  incident  rajv 
make  eouiu  angles  with  the  normal.  If,  however,  the  point  a  is  very  dose  to  the  left- 
hand  eoge  of  the  mirror,  the  reflected  ray  en'  will  not  exist,  and  nn  will  not  be  de- 
stroyed. Hence  if  the  mirror  is  veiy  narrow,  the  rays  reflected  obliquely  to  the  besm 
ro^' are  not  completely  destroyed,  and  the  reflected  beam  becomes  divergent.  Fresnel 
verified  this  theoretical  deduction  by  blackening  the  surfifice  of  a  mirror,  witli  the  ex- 
ception of  a  very  narrow  triangular  space.  The  beam  of  light  reflected  fi^m  this  space 
was  broadest  at  the  narrowest  part  of  the  reflecting  surflice,  so  that  the  image  which  it 
formed  on  a  screen  was  a  triangle  with  truncated  summit^  in  a  position  the  xwtfw  ol 
that  of  the  reflecting  triangle. 

The  reflected  and  refracted  beams  are  always  less  bright  than  the  incident  beam. 
In  fact,  they  would  be  together  equal  in  intensity  to  the  incident  beam,  were  it  not 
that  part  of  the  light  is  scattered  in  all  directions,  by  reflection  from  minute  inegn- 
larities  on  the  surface  of  the  medium ;  and  secondly,  that  a  portion  of  it«  often  very 
considerable,  is  apparently  lost  by  absorption.  This  process  doubtless  consists  in 
a  communication  of  the  vibratory  motion  of  the  ether  to  the  particles  of  the  pon- 
derable body  itself^  the  particles  thus  set  in  motion  again  acting  as  centres  of  vibra- 
tion, and  exciting  fresh  undulationfl  in  the  surrounding  ether,  thereby  rendering  the 
body  visible.  The  vibrations  excited  in  the  particles  of  a  ponderable  bodv  by  ths 
movements  of  the  ether  likewise  prodace  numerous  changes  in  the  state  of  the  body 
itself,  raising  its  temperature,  and  setting  up  certain  chemical  actions  within  it^  wbith 
will  be  aftenrards  more  fUly  considered.  It  is  true  that  the  ether  transmits  vibratoiy 
movements  which  render  bodies  hot,  and  others  which  determine  chemical  ebaages 
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Mies  may  be  attached  by  means  of  a  liquid  of  greaUr  rrfraeHnff  powfr  than  the 
prism :  the  total  reflection  will  then  take  place  jost  aa  if  the  solid  were  immediatei^ 
Utached. 

The  same  method  also  gives  the  index  of  refraction  of  the  prism  itself^  the  obeerra* 
tion  being  made  without  applying  any  liquid  to  the  lower  B^e.  In  this  case^  iiiioe  the 
mediaoi  below  the  prism  is  air,  we  have  ft'  »  1,  and  the  formda  givee 


M  - 


1 


v^l  -I-  cos'  {b  +  fi)  ^  2oos  6  cos  (6  +  3). 


The  following  tables  contain  the  indices  of  refraction  of  several  solids  and  liqiiid^ 
determined  by  the  preceding  methods.  They  all  relate  to  the  yellow  rays  of  the 
ipectnun,  excepting  those  of  Wollaston,  which  relate  to  the  extreme  zed: 

Indices  of  Refraction  of  Solidi, 


Index  of 
reftraetloo. 


Name  of  tobtUnce. 


lodMof 
r«fractioQ. 


1 


Chromate 

lead    . 
Diamond 
Phosphorus 
Glass  of  anti-^ 

mony  .         \ 
Salphur    (na-  f 

ti^e)    .         { 
Zircon     . 
Borate  of  lead . 
Carbonate     of/ 

lead     .         { 
Rnby       . 
Felspar  . 
Tourmalin 
Topts,  oolonr-| 

lew       .  ( 

Bt-ryl       . 
Tortoise-shell 
Emerald. 
Flint  glass 
Bodc-oystal 
Rod[-salt 
ApophylUte 
Cok^phony 


2-60  to  2  97 

•47  to  2  76 
2-224 

2-216 

2116 

1-96 
1-866 

1-81  to  2-08 

1-779 
1-764 
1-668 

1-610 

1-598 
1-691 
1-686 
•67  to  1-68 
1647 
1646 
1-648 
1*643 


Brewster. 

Br.;  Bochon. 
Brewster. 


Wollaston. 
HeischeL 

Brewster. 


Biot 
Brewster. 


Br.;  W. 

Wollaston. 

Newton. 

Brewster. 
WoUaston. 


Sugar 

Phosphoric  add 

Sulphate  of  copper 

Canada  balsam 

Citric  acid  . 

Cn>wn  glass 

Nitre  . 

Plate-glass  • 

Spermaceti . 

Crown  glass 

Sulphate  of  po- 
tassium   . 

Ferrous  sulphate 

Tallow;  wax 

Sulphate  of  mag- 
nesium   • 

Iceland  spar 

Obsidian     • 

Qum  .        • 

Borax 

Alum. 

Fluor  sper  • 

Ice     .        • 

Tabesheer  • 


1*636 
1*634 

1*631  to  1 
1*632 
1*627 

1626  to  1 
1-614 

1-614  to  I 
1*603 
1-600 

1-600 

1-494 
1492 

1-488 

1*664 
1*488 
1-476 
1-476 
1*467 
1-436 
1810 
1*1116 


662 

684 
642 


Wollaston. 
Brewster. 

>f 

Young. 

BrewstSK 


Young. 
Wollaston. 

Brewster. 


Youngp. 
Brewster. 


Brewster. 
Newton. 
Brewster. 
Wollaston. 
Brewster. 
Wollaston. 
Brewstei^ 


Indices  of  Refraction  of  Liquids, 


Index 

IlMtoX 

NaneorUqold. 

ofr«^ 
flractkm. 

ObMTTtr. 

Name  of  lk|aid. 

of  r*- 
fractioo. 

ObMTver. 

Sulphide  of  carbon. 

1*678 

Brewster. 

Solution  of  potash 

OUofcaasia  . 

1*031 

Young. 

(specific  gravity  • 

1*406 

Fraunhofer. 

Bitter  almond  oil    . 

1603 

Brewster. 

1-410).         . 

Nat-oil  . 
Linseed-ofl     • 

1-600 
1-486 

Wollaston. 

Hydrochloric   add  \ 
(concentrated) 

1-410 

Biot 

Oilof  naphthA 

1476 

Young. 

Sea-salt  (saturated) 

1-576 

»» .  . 

RapeH)il         .        . 

1*475 

(BrewHter; 
J   Young. 

Alcohol  (rectified)  . 
Ether     .         .         . 

1-372 
1-358 

Herschel 
Wollaston. 

OUriHia 

1470 

Brewster. 

Alum;  saturated    . 

1356 

HerscheL 

Oaofturpentme     . 

1-470 

Wollaston. 

Human  blood 

1-354 

Youn^. 

Oil  of  almonds 

1-469 

White  of  egg  . 

1361 

Euler,  lun. 
HerscheL 

lOUofUvender       . 

1-467 

Brewster. 

Vinegar,  distilled    . 

1-372 

Sulphuric  add  (spe- ) 

ciflc  gravity  17)  ( 

1  Nitric  arid  (specific/ 

1-429 

1.^1  A 

Newton. 
{   Yoting ; 

Saliva    . 
Water    . 

1-339 
1*336 

Young. 
(Wollaston; 

1     gravity  1-48)        Jj^'*" 

J  Wollaston., 

r 


Touin. 
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▲"B,  ftnd  th«  Mine  mark  again  obaerred.  The  image  m  waa  thereby  thrown  to  the 
oppofite  side  of  the  ray  no  proceeding  directly  from  the  objcM!t»  so  that  the  angle  io{ 
was  equal  to  twice  theangle  noL    This  method  gave  for  the  index  of  refraction  of  air 


at  0^  C.  and  076  met.  barometric  pressure, 

the  nnm- 


Fig.  663. 


idorcd  to  a  Ticnnm  as  the  onit^  t 
ber  100294. 

In  like  manner,  the  indices  of  refraction 
of  other  cases  were  determined,  referred  to 
that  of  air  as  unity. 

Now  on  measuring  in  this  manner  the 
refraction  prGduced  by  air  or  other  gases  at 
difierent  densities,  it  was  found  that,  at  pres- 
ioree  not  exceeding  that  of  the  atmosphere, 
the  quantity  m*— 1>  which  is  callM  the 
refractiTe  power,  is  proportional  to  the 
densi^  of  the  gas — ^in  other  words,  that 

^Lzi^  which  may  be  called  the  specific 

d 
refractiTe  power,  is  a  constant  quan- 
tity. The  law  was  not  Terified  for  pressures 
greater  than  that  of  the  atmosphere,  on  ac- 
count of  the  dif&oultT  of  retaining  condensed 
gases  within  the  hollow  prism. 

Dulong  determined  the  refractiye  powers  of  a  considerable  number  of  gases  and 
Tapours  by  the  following  method,  founded  on  the  proportionality  of  the  refractiye 
power  to  the  density.  A  distant  mark  is  observed  by  a  telescope  through  a  Borda's 
prism  filled  with  d^  air,  at  a  pressure  k.  The  prism  and  telescope  are  then  fixed, 
and  the  prism  b  filled  with  another  gas,  the  jpressure  of  which  is  yaried  till  the  image 
of  the  mark  again  coincides  with  the  wire  of  the  telesoope.  The  refractive  index  of 
the  gas  under  the  pressure  h\  is  then  equal  to  that  of  tne  air  under  the  pressure  A. 
If  then  II  and  ft  are  the  indices  of  refitU!tion  of  the  gas  and  of  air  at  the  same  pressure 
A,  and  at  the  same  temperature^  we  have,  since  the  index  of  the  gas  under  the  pres- 
Bore  K  is  equal  to  as 


whence  p!  is  easily  found. 


^•«-l:^t«l  ^  hih\ 


RrfracUve  power  of  Gasea. 


ReAraetire  power. 

Index  or 
refimction. 

Denutf. 

Nameortafc 

Coaapared 
with  that 

EsceM 
OTercal- 

AhMluta. 

of  air. 

culatlOD. 

Air 

1-000 

0-000689 

1-000294 

1-000 

Oxygen       •        •        « 

0024 

0-000644 

1-000272 

1-106 

Hprdrogen   .       •       • 
Nitroffen     •        •        • 
Chknna     •        •       • 

0-470 

0000277 

1-000188 

0-060 

1020 

0-000601 

1000800 

0-971 

2-628 

0-001646 

1-000772 

2-470 

Nitrous  oxide     • 

1-710 

•1- 0-2*28 

0001007 

1-000603 

1-620 

Nitric  oxide 

1080 

+  0068 

0000606 

1000803 

1039 

Hydrochloric  acid 

1-527 

+  0020 

0-000899 

1-000449 

1-247 

Carbonic  oxide    . 

1167 

,     , 

0000681 

1-000340 

1-967 

Carbonic  anhydride 

1-626 

-0-098 

0000899 

1-000449 

1-624 

Cyanogen    . 

2-882 

.    , 

0-001668 

1-000834 

1-806 

Ethylene     . 

2-802 

,    , 

0001366 

1-000678 

0-978 

Manhgas  . 

1-604 

•    • 

0000886 

1-000443 

0-666 

Chloride  of  ethyl 

3-720 

-0-099 

0002191 

1001096 

2-234 

Hydrocyanic  add 

1-631 

-0-130 

0-000903 

1000461 

0944 

Ammonia    .        • 

1-309 

+  0-093 

0-000771 

1000386 

0-696 

Phosgene    . 

8-986 

+  0-162 

0-002318 

1001169 

3-442 

Sniphydric  add  . 

2-187 

•    • 

0001288 

1-000644 

1-191 

Sulphuroos  anhydride 

2-260 

,     , 

0001331 

1000666 

2-234 

Ether.        .        . 

6-197 

,    , 

0-008061 

1-900163 

2-680 

Sulphide  of  carbon 

6-110 

,    , 

0003010 

1-000160 

2-644 

Phosphoretted  hydrogen      . 

2-682 

.    . 

0-001679 

1000789 

1-214 

B  b2 
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By  thifl  method  Dnlong  has  shown:  1.  That  the  lefractire  power  of  a  miztnre  of 
gases  is  equal  to  the  mean  of  those  of  the  constitnent  gases  calculated  for  the  preasure 
to  which  each  gas  is  actOHllj  subjected  in  the  mixture.  2.  That  the  refractiTe  powerof 
a  compound  gas  is  not  equal  to  the  mean  of  those  of  the  component  gases,  but  is  some- 
times greater  and  sometimes  less.  The  third  column  of  the  following  table  exhibits  the 
differences  between  the  actual  refractire  powers  of  certain  compound  gases,  and  those 
which  would  be  obtained  by  adding  together  the  refractive  powers  of  ue  sereral  com- 
ponents, and  dividing  bv  tne  volume  of  the  compound  gas.  The  refractive  power  of 
atmospheric  air  is  founa  to  be  exactly  the  mean  of  those  of  its  two  constituent  gases, 
a  fact  which  shows,  toother  with  others,  that  the  air  is  a  mixture,  and  not  a  com- 
pound of  oxygen  and  nitrogen. 

The  numb^  in  this  table  show  that  there  is  no  simple  relation  between  the  nsfrac- 
tive  powers  of  different  gases  and  their  densities ;  hydrochloric  add  gas,  ibr  ex- 
ample, has  a  lower  density,  but  much  higher  refractive  power  than  sulphurous  anhy- 
dride, and  ether-vapour  has  about  the  same  density  as  chlorine,  but  double  the 
refractive  power. 

The  interferential  method,  the  principle  of  which  has  been  alroady  described, 
is  very  well  adapted  to  the  measurement  of  the  refr-active  indices  of  ^ses,  and  giTw 
results  more  exact  than  those  of  the  preceding  methods.  Arago  and  Fresnel  applied 
it  to  the  comparison  of  the  refractive  indices  of  moist  and  dry  air.  The  inteiferiog 
rays  were  made  to  pass  through  two  copper  tubes,  each  a  metre  in  length,  and  dosed 
at  the  ends  with  glass  plates  having  exactly  parallel  faces,  the  one  being  filled  with 
moist  and  the  o&er  with  diy  air.  The  fringes  were  then  found  to  be  displaced  to 
the  amount  of  one  band  and  a  quarter  on  the  side  of  the  dry  tube,  showing  that  moist 
air  is  rather  lees  refractive  than  dry  air.  Precipitated  va^tour  was  found  to  produce  a 
very  slight  increase  in  the  refracting  power  of  the  air. 

An  improved  apparatus  for  experiments  of  this  kind  has  been  constructed  by 
J  am  in,  but  we  must  refer  for  the  description  of  it  to  his  memoir  (Ann.  Ch.  Phys.  [3^ 
xlix.  382),  or  Daguin's  Traits  de  Physique,  iv.  402.  By  means  of  this  appantii% 
Jamin  has  shown  that  vapour  of  water,  at  the  temperature  of  0^  and  at  0*76  met. 
barometric  pressure,  supposing  it  could  exist  under  those  circumstances,  would  hare 
an  absolute  index  of  refraction  equal  to  1*00261,  which  is  less  than  that  of  air  at  the 
same  temperature  and  pressure.  The  refractive  power  of  aqueous  vapour  calculated 
by  the  formula  fi*-  1  is  therefore  »  0*000521. 

By  adding  to  the  refractive  index  of  dry  air  that  of  aqueous  vapour  in  the  saturated 
state,  under  the  pressure  which  it  possesses  at  20^,  Jamin  finds  that  the  diffemiee 
between  the  refractive  indices  of  dry  air  and  air  saturated  with  aqueous  vapour  is 
only  0*000000726,  a  quantity  which  is  too  small  to  produce  any  sensible  e£foets 
with  Borda*s  prism,  and  may  be  safely  neglected  in  the  calculation  of  atmoepheiic 
refraction  for  astronomical  purposes. 

Se/raeiive  power  of  ftapofwrs  nrodueed  at  high  temperatures,  Leroux  (Ann.  Ch. 
Fhys.  [3],  IxL  385)  has  measured  the  refractive  indices  of  a  few  of  Uiese  rt^ponn  hj 
the  method  of  least  deviation,  using  a  hollow  prism  of  iron  having  part  of  its  opposits 
&ces  replaced  by  flat  glass  plates,  and  provided  with  proper  appUances  for  heatin(^ 
and  for  keeping  the  pressure  of  xk%  vapour  equal  to  tnat  of  the  atmosphere.  The 
indices  and  refractive  powers  of  the  vapours  examined  are  as  follows : 


Absolute 

Refraedve 

Sobetaoceb 

Indi-x  of 

power 

refraction. 

^-I. 

Sulphur      . 

.     1001629 

0003258 

.     1001364 

0*002728 

Arsenic 

.     1*091114 

0002228 

liezcnry     • 

.     1000556 

0001112 

BIspersloB. 

When  a  narrow  beam  of  the  sun's  rays  is  passed  through  a  glass  prism  (Jig.  664) 
and  received  upon  a  screen,  an  elongated  image  or  spectrum  is  formed,  ezhibitiDga 
series  of  brilliant  colours  in  the  following  order: 

Red,     Orange.     Yellow,     Green,    Blue,    Indigo,     Fiolet 

the  red  occupying  the  lowest  or  the  highest  place,  according  as  the  refracting  aAg^  oi 
the  prism  is  turned  downwards  or  upwards.  The  different  coloured  rays  are  tfaeiv#9fe 
refhbcted  by  the  prism  in  different  degrees,  the  red  exhibiting  the  least,  and  the  violei 
the  greatest  deviation.  Moreover,  if  a  smaU  hole  be  made  in  any  part  of  the  screen 
so  as  to  allow  a  narrow  beam  of  the  rays  of  any  one  colour  to  pass,  and  this  beam  be 
transmitted  through  another  prism,  it  will  not  again  be  elongated  and  split  up  ioli 


Digitized  by 


Google 


Digitized  by 


Google 


620  LIGHT:    DISPERSION. 

To  obtain  ab««n  of  perfectly  homogeneous  light,  a  oolonied  beam  peanng  tlmn^  a 
small  hole  in  the  part  of  Uie  screen  on  which  the  spectrom  prodnoed  as  abore  is  receiTed, 
is  transmitted  through  a  second  prism ;  and  if  tne  deflected  ima^  thus  Ibnned  is  at 
all  elongated,  showing  that  the  original  coloured  beam  was  not  qmte  homogeneous,  the 
light  of  a  portion  of  it  mnst  be  paned  through  an  aperture  in  a  second  screen  placed  to 
leoeiye  it.  A  ray  thus  separated  will  be  found  to  be  perfectly  homogeneous  in  ookmr, 
and  of  uniform  refrangibility. 

Instead  of  receiying  the  spectrum  on  a  screen,  it  may  be  viewed  directly  by  holding 
the  prism  between  the  eye  and  the  source  of  lights  the  red  rays  then  appearing  in  Um 
highest  or  lowest  position  according  as  the  refracting  an^e  of  the  prism  is  held  down- 
wuds  or  upwards.  The  spectrum  may  also  be  magnified  by  Tiewing  it  throa^  a  te]»- 
■cope.  These  methods  enable  us  to  view  the  sp^toa  of  sources  of  light  not  bright 
enough  to  throw  a  risible  image  on  a  screen,  such  as  the  light  reflected  from  a  stnp  of 
white  paper  on  a  dark  g^und. 

The  spectra  of  the  moon  and  planets,  and  of  white  terrestial  objects  illumxnated  bj 
solar  light,  are  similar  to  that  obtained  with  the  direct  rays  of  the  sun.  The  ^Mtrm 
of  the  fixed  stars  exhibit  the  same  colours  and  nearly  in  the  same  proportiona.  Those 
of  ordinary  flames  (hydrocarbon  flames)  likewise  exhibit  the  same  colours,  but  with  m 
laiver  proportion  of  yellow.  That  of  an  alcohol  flame  consists  mainly  of  yellow  light, 
and  if  a  litde  common  salt  be  mixed  with  the  alcohol,  the  flame  sires  a  perfectly  mo- 
nochromatie  yellow  light  The  flame  of  a  Bunsen's  burner  in  which  a  salt  of  lithium  ia 
ignited,  gives  a  spectrum  consisting  almost  wholly  of  red  light ;  and  when  a  salt  of  thal- 
Inun  is  ignited  in  it,  the  spectrum  consists  whoUy  of  green  light 

Fixed  lAne*  m  ih€  Boimr  Spectrum, 

Newton,  by  passing  a  beam  of  light  proceeding  from  a  small  cirrular  apertoire 
through  a  prism,  obtain«i  a  spectrum  which  appeared  perfectly  continuous,  whence  b« 
concluded  that  white  light  contained  rays  of  all  degrees  of  refrangibility,  regnlariy  in- 
creasing from  the  red  to  the  violet  But  Wollaston  in  1802,  b^  looking  through  a 
good  flmt  glass  prism  at  a  very  narrow  rectangular  aperture  illuminated  by  snn-li^t, 
perceived  that  the  spectrum  was  intersected  by  several  very  fine  dark  lines  parallM  to 
the  edges  of  the  prism,  or  to  the  boundary  hnes  of  the  several  colours ;  and  fifteen 
years  i&erwards,  F raunh of er  of  Munich,  without  being  acquainted  with  WoUaston's 
observations,  made  the  same  discovery  by  viewing  a  spectrum  formed  in  the  manner 
just  described  through  a  telescope.  The  lines  were  very  fine,  all  dark,  and  some 
perfectly  black,  and  Frannhofer  was  able  to  count  between  600  and  600  of  tbem,  their 
number  increasing  with  the  magnifying  power  of  the  telescope.  These  linee  are  dis- 
tributed irregularly  throughout  the  whole  length  of  the  spectrum,  and  do  not,  for  the 
most  part,  occur  at  the  limits  of  the  principal  colours.  Eight  of  them,  easily  dis- 
tinfl;ul<ihed  by  their  position  and  intensity,  are  denoted  by  the  first  eight  letters  of  the 
alphabet,  beginning  from  the  red  of  the  spectrum :  they  are  shown  in  fy.  667.  Som<r 
of  them,  when  examined  by  a  good  magnifying  power  in  a  well-deTeloped  spectrum, 
are  resolved  into  a  number  of  fine  lines  very  close  together.  There  are  two  more 
groups  of  lines  which  are  particularly  coiutpienons,  one  denoted  by  a,  consisting  of  eight 
fine  lines  in  the  red  between  A  and  B,  and  aiiother  b  in  the  green  near  £,  consisting  of 
three  fine  lines,  the  two  stronger  of  which  are  separated  by  a  bright  spsce. 

These  dark  lines  show  that  the  solar  spectrum  is  not  continuous ;  in  other  words,  that 
there  do  not  exist  rays  of  all  degrees  of  refrangibility  between  the  red  and  the  riolet 

The  aspect,  order,  and  relative  distances  of  the  lines  in  the  solar  spectrum  remain  the 
same,  for  a  prism  of  given  substance,  whatever  may  be  the  magnitude  of  its  refracting 
angle;  but  if  the  substance  of  the  prism  be  cbanged,  the  relatire  distances  of  the 
fixed  lines  and  the  relative  widths  of  the  several  coloured  spaces  are  likewise  altered. 

To  obtain  the  lines  of  the  spectrum  well  developed,  it  is  necessary  to  use  a  prism  of 
very  uniform  substance,  free  from  stris,  and  baring  a  refracting  angle  large  enough 
to  yield  a  very  pure  and  extended  spectrum.  Prisms  for  the  purpose  are  generally 
made  of  flint  glass  or  rock-crystal,  substances  having  a  high  disperaive  power,  that  is 
to  say,  the  power  of  refracting  the  red  and  violet  rays  in  very  different  degrees  (p.  623). 
A  hollow  prism  fllled  with  sulphide  of  carbon  is  also  well  adapted  for  the  purpoae,  as  it 
is  sure  to  be  uniform,  if  preserved  from  variations  of  temperature,  and  its  disperrire 
power  is  very  great  To  form  the  spectrum,  the  sun's  rays,  or  the  diffused  light  of  the 
sky,  entering  a  darkened  room  through  a  narrow  slit,  or  condensed  by  a  cylindrical 
lens,  are  made  to  pass  through  the  prism,  and  the  dispersed  beam  of  light  is  viewed 
through  an  achromatic  telescope.  The  lines  and  intermediate  spaces  are  theivbj' 
magnified,  the  number  seen  being  greater  in  proportion  to  the  magni^ing  power  of  tlis 
telescope.    The  most  fiivounble  position  fur  the  prism  is  that  of  minimum  deviation. 

Lines  slso  exist  beyond  A  in  the  red,  and  beyond  the  violet  in  a  space  occupied  by 
fery  fiiint  lavender-coloured  rays.     The  firat  were  observed  by  Brewster  in  ai 
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Tablb  a — eontinttecL 


^■~" 

Tempe- 

RtfracHve indloaf . 

Nou 

Liquid. 

SpecUic  grarity. 

rature  of 
obterra- 

Uoo. 

A. 

D. 

H. 

fio» 

1-4669 

1-4734 

1-4934 

64. 

0-8644  at  20«C. 

]u 

1-4696 

1-4663 

1-4846 

U7 

1-4487 

1-4646 

1-4730 

)14 
37 

1-4640 

1-4701 

1-4901 

66. 

„              „    carraway 

0  8629  at  20 

1-4629 

1-4689 

1-4788 

S26 

1-4694 

1-4652 

1-4856 

66. 

m              *.    thyme    . 

0-8635  at  20 

)36-5 

1-4646 

1-4606 

1-4806 

)23 

Us 

1-4546 

1-4610 

1-4818 

67. 

«              „    bay        . 

0  8610  at  20 

1-4468 

1-4628 

68. 

.              «    bergamot 

0-8467  at  20 

<26-6 
J38 

1*4674 
1-4617 

1-4640 
1-4678 

1'4866 
1-4800 

fl7 

1-4918 

1-4986 

1-6209 

69. 

.              »    doret    . 

0-9041  at  20 

^28-6 

1-4870 

1-4936 

1-6167 

(39 

1-4828 

1-4892 

1-6110 

(10-6 

1-4988 

1-6056 

1-6294 

7a 

„              „    cabebt  . 

0-9270  at  20 

i20 

1-4960 

1-6014 

1-6252 

(81 

1-4905 

1-4977 

1-6209 

(12-6 

1-4913 

1-4992 

1-6270 

71. 

Garvvna      •       •       •       . 

0-9680  at  20 

-<24-6 

1-4862 

1-4936 

1-6196 

i34 

1-4812 

1-4884 

1-6146 

71 

Eugenic  acid       • 

1-0640  at  20 

)18 
)27-6 

1-5286 
1-6244 

1-6394 
1-6347 

1-6780 
1-6722 

78. 

Gampbor  of  peppennint 

0-8786  at  43 

J  30 
U3 

1-4503 
1-4461 

1-4663 
1-4506 

1-4703 
1-4663 

(20 

1-4659 

1-4706 

1-4860 

74. 

Glyoezin     •       •       •       • 

1-2610  at  17 

<30 

1-4634 

1-4680 

1-4828 

(48 

1-4686 

1-4631 

1-4778 

76. 

Nitrog^yoeonnf    •       •       • 

(1-60) 

(13-6 
;  32-6 

1-4683 
1-4696 

1-4749 
1-4662 

1-4947 

76. 

Nicotine     •       •       •       . 

1-0260  at  18 

(18 
32 

1-6149- 
1-6107 

1-6234 
1-6194 

1-6642 
1-6498 

77. 

2-880    at  20 

(26 
|36 

1-6698 
1-6627 

1-6866 
1-6792 

1-7606 
1-7422 

78. 

Triehloiide  of  phoaphonu   . 

1-4680  at  20 

(26-6 
)88 

1-6030 
1-4967 

1-6118 
1-6042 

1-6418 
1-6334 

79. 

QiyeUorideofphoepbonu  . 

1-6800  at  20 

517 
)26 

1-4810 
1-4766 

1-4882 
1-4832 

1-6118 
1-6067 

Tabu  B. 
Befractivt  Indices, 


T3ie  liqnida  in  thia  table  are  arranged  according 
line  A  at  20o  0. 

to  theiz 

power 

of  refracting  the 

1 

Uqoid. 

Temp. 

Refractive  todicea. 

A. 

B. 

C. 

D. 

B. 

F. 

0. 

H. 

Phosphonifl 

860  0. 

2-0389 

. 

20746 

•     • 

2-1201 

2-1710 

2-2267T 

Pho^hortti  inanlpbide 

ofearbon 

f 

1-9209 

1-9314 

,     , 

1-9627 

1-9744 

1-9941 

2-0861 

20746 

Trilnomide  of   phoe- 

. 

phwna  . 
Sulphide  of  carbon     . 

26 

1-6698 

1-6762 

, 

1-6866 

,    , 

1-7083 

1-7300 

1-7606 

11 

1-6142 

1-6207 

1-6240 

1-6333 

1-6465 

1-6584 

1-6836 

1-7090 

Lepidine    . 
Dibiomide  of    brom- 

21 

1-6039 

1-6094 

,     , 

1-6189 

1-6403 

1-6615 

16822 

ethylene 

18 

1-6819 

1-6861 

,     , 

1'6916 

1-6037 

16149 

1-6249 

Kn^ed  oil  of  caana 

28 

1-6649 

1-6699 

1-5727 

1-6801 

1-5909 

1-6014 

1-6244 

Anaine      ,       .        .1  21-6 

1-5644 

1-5684 

,     , 

1-6774 

,     , 

1-5951 

1-612511-6297  1 

Chindine  . 

124 

1-6667 

1-6617 

•     . 

15687 

.     . 

1-5879 

11-6030 

1-6198  I 
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miud. 

T»mf. 

A. 

B. 

C. 

D. 

B. 

r. 

o. 

H. 

Aiy  tato  of  aaiji 

o  _ 

8*«a 

1-3944 

1-3968 

. 

1-8998 

1-4036 

1-4077 

1-4113 

ButjTie  flther     • 

23 

1-3860 

1-3864 

,     , 

1-3888 

,     , 

1-3938 

1-3981 

1-4018 

Carbide  ether  '.        '. 

8 

1-3860 

1-3866 

,     , 

1*3896 

, 

1-3944 

1-8992  1-4033 

22 

1-3773 

1-3786 

,     , 

1-3810 

,     , 

1-3866 

1-3896  1-3936 

Propionie  ether . 

22-5 

1-3696 

13713 

,     , 

1-3736 

,    , 

1-3786 

1-3827  1-3860 

6(incie«(her     . 

22*6 

1-8664 

, 

, 

1-3698 

, 

1-3742 

1-8786 1-8816 

Aoetie  ether 

20 

1-8646 

1-3668 

, 

1-3686 

, 

1-3728 

1-3766 

1-8798 

Alcohol      .        .        . 

15 

1-3600 

1-3612 

1-3621 

1-3638 

1-3661 

1-3683 

1-3720 

1-3761 

Aeetone     . 

256 

1-8640 

1-3664 

,    , 

1-3682 

. 

1-3629 

1-3670 

1-8706 

Fonnie  ether     . 

22 

1-3640 

1-3663 

,     , 

1-3682 

,    , 

1-3627 

1-3666 

1-3694 

Ether        .        .        . 

16 

1-8629 

1-S646 

1-8664 

1-3666 

1-3690 

1-3606 

1-3646 

1'3683 

Witer 

16 

1-3284 

1*8300 

1-8307 

1-3324 

1-3347 

1-3366 

1-3402 

1-3431 

Mathylie  tloohol 

20 

1-8264 

1-3277 

•    • 

1-3299 

- 

1-3330 

1-3669 

1-8396 

Cause  of  Dispersion, — As  the  sereral  colows  oorreepond  to  vibrations  of  dif- 
fereat  rapidity,  and  the  deviation  of  rays  of  light  in  refiraction  depends  on  the  change 
of  velodty  of  light  in  pasmng  from  one  medimn  into  another,  it  follows  that  in  order 
to  explain  dispersion,  we  must  suppose  that  this  change  of  velocity  is  different  for  rays 
of  different  ooloun,  that  is  to  say,  that  waves  of  different  length  travel  through 
refracting  nedia  with  difi^nt  velocities.  This  consequence  was  for  a  lone  time  re- 
carded  as  a  grave  objection  to  the  undnlateiy  theory  of  light,  bems  in  fiiet  m  contra- 
diction to  the  general  formnla  for  the  velocity  of  undulations  established  by  Newton, 

vis.  1^  at  L.    It  must,  however,  be  remembered  that  though  the  velocity  of  light  in 

free  space  is  the  same  for  ravs  of  all  eoloun  (p.  694),  it  is  by  no  means  neceesarilj 
so  in  transparent  media,  whicn  retain  the  ether  imprisoned,  as  it  were,  between  their 
particles.  The  waves  must  then  turn  round  these  molecules,  and  it  is  easily  con- 
ceivable that  the  retardations  thus  produced  may  be  greater  for  the  shorter  than  for 
the  longer  undulations.  That  such  is  the  case  has  in  fact  been  proved  by  the  ana- 
lytical researches  of  Cauchy ;  but  the  demonstration  is  not  of  a  character  to  be  intro* 
doced  into  this  work,  and  does  not  admit  of  rapresentation  in  a  mora  elementary  form. 

Healing^  Chemical,  and  PMosphorogenio  Bays  of  ike  Spectrum, 

All  the  rays  of  the  solar  spectrum  ara  capable  of  giving  heat  as  well  as  light  A 
thermometer  held  in  any  part  of  the  spectrum  indicates  a  rise  of  temperatura;  but 
the  heating  effact  u  veiy  Querent  in  (fifferent  parts,  being  greatest  at  tne  red  end  of 
the  neetnim ;  but  the  particular  position  of  the  maximum  heating  effect  varies  with 
the  kind  of  prism  used.  Moreover,  thera  are  invisible  heat-rays  situated  beyond  the 
red,  and  therefora  of  lower  refrangibility  than  any  of  the  luminous  rays ;  and  when  a 
flint-glaaa  prism  is  used,  the  maximum  of  heating  power  is  situated  beyond  the  visible 
redraysL 

Tho  spectra  of  flam^  exhibit  similar  results,  provided  the  heat-rays  which  thev 
emit  are  capable  of  passing  through  the  substance  of  which  the  prism  is  formed,  which 
ii  not  always  the  case.    (See  Radiation  of  Hbat.) 

The  solar  rays  are  also  capable  of  producing  chemical  change,  chiefly  of  the 
reducing  order.  Thus  silver-salts  are  blackened  and  mora  or  less  re(kiced  by  exposura 
to  daylight,  and  the  leaves  of  plants,  under  the  influence  of  sunlight^  decompotie  the 
carbonic  aod  in  the  air,  and  assimilate  its  carbon.  This  action  is  exerted  by  all  the 
luBumous  rays  of  the  spectrum,  but  chiefly  by  the  violet  rays,  and  by  non-luminous 
rays  extending  to  a  considerable  distance  beyond  the  violet  The  yellow  and  red  rays 
have  b«t  little  chemical  power:  hence  ordinaiy  flames  (hydrocarbon  flames)  in  which 
theae  rays  greatly  predominate,  exert  but  little  action  on  chloride  of  silver  and  other 
bodies,  which  change  rapidly  under  the  influence  of  solar  light;  and  in  monochromatic 
yellow  flames,  such  as  that  of  alcohol  containing  a  sodium-salt,  the  chemical  action  is 
altogether  imperceptible.  Photographera  devebpe  their  pictures  in  rooms  into  which 
hffht  is  admitted  onfy  through  yellow  glass  or  yellow  ^per.  Violet  flames,  on  the 
oUier  hand,  like  that  of  burning  magnesium,  emit  rays  whose  chemical  activity  rivals 
that  of  sunlight  though  their  luminoaitv  is  incomparably  less.  The  maximum  ol 
chemieal  action  is  not  however,  produced  upon  all  substances  in  the  same  part  of 
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the  spectrom.  Acoordiog  to  EL  Beeqnerel  (Aim.  Ch.  Pfaya 
eilyer  begins  to  bladten  in  the  extreme  violet  between  the  '. 
tion  extending  on  the  one  side  nearly  to  F,  and  on  the  othei 
risible  riolet.  With  the  iodide  and  bromide  of  silrer,  the  < 
that  the  action  does  not  extend  so  far  beyond  the  riolet) 
not  ocenpy  the  same  jdaoe.  Ghiaiac-resin,  which  is  tnn 
sunlight,  is  not  at  all  affected  by  any  of  the  -risible  rays  of 
beginning  only  in  the  nltra-violet,  and  the  maximnm  being  s 
the  end  of  the  Tisible  spectmnL 

The  chemical  spectrum  contains  fixed  lines,  that  is  to 
chemical  action  is  produced,  so  that  when  a  piece  of  papei 
silver  or  other  sensitive  substance  has  been  exposed  to  the 
surface  is  traversed  by  lines  of  the  same  colour  as  the  origin 
violet  as  well  as  in  the  visible  portion  of  the  spectrum.  A  c 
be  given  in  the  next  article  on  the  Chemical  Acnoir  of  Lig 

The  interposition  of  oohurUst  plates  or  fil^na  does  not  mo< 
the  visible  part  of  the  spectrum  between  A  and  H  ;  that  of 
is  likewise  unaltered  by  certain  tzansparent  substances,  such 
acid,  See,  whereas  other  substances,  both  liqaid  and  solid,  n 
of  the  most  refrangible  chemical  rays  situated  beyond  the  v; 
a  point  more  or  less  near  to  H.  With  nitric  acid  and  oil 
action  stoos  at  N ;  with  creasote,  bitter  almond-oil,  and  a 
sulphate  of  quinine,  at  H.  (For  fiirther  details  respecting  tl 
see  the  next  article.) 

The  different  rays  of  the  spectrum  also  differ  in  their  » 
phorescence.  When  Canton's  phosphoms  spread  on  a  sn 
a  dark  room  to  the  action  of  the  spectrum,  phosphorescence 
between  G  and  P  (see  figure  in  the  next  article) ;  there  if 
beween  I  and  N,  and  two  maxima,  one  between  H  and 
Bolognian  phosphorus  gives  similar  results,  excepting  that 
I N,  and  only  one  maximum  between  I  and  M.  It  appean 
phorogenic  rays  occupy  the  same  portion  of  the  spectrum  as 

The  colour  of  the  phosphorescent  lig&t,  which  may  vary 
has  no  relation  to  that  of  the  exciting  rays,  excepting  in  the 
sulphide  of  bariuTn^  which  shines  with  an  orange-y^ow  lis 
posed  to  the  rays  between  H  and  F,  with  a  more  reddish  1 
blue  and  violet  rays ;  sulpMde  ofcalcivm,  which  shines  with 
it  has  been  exposed  to  the  rays  between  F  and  0,  and  exhib 
when  the  incident  rays  are  comprised  between  0  and  P ;  lasl 
by  the  action  of  sulphide  of  potassium  on  oyster- shells  o 
emits  a  violet-indigo  light  after  exposure  to  ravs  of  the  sa 
in  the  ultra-violet  rays.  In  general,  the  emitted  rays  are 
exciting  rays,  the  last-mentioned  substance,  however,  forminj 

The  electric  lights  which  is  vei^  bright  and  very  rich  ii 
produces  phosphorescence  more  actively  than  the  solar  rays, 
more  efficacious  than  the  continuous  light  of  the  voltaic  arc 

The  phosphorogenic  spectrum  likewise  exhibits  dark  lines 
to  see  them  it  is  necessary  to  extend  the  spectrum  to  about 
by  means  of  diveiging  lenses.  Dark  lines  are  then  seen  on  t 
occupying  the  same  position  as  those  of  the  luminous  anc 
may  be  rendered  more  distinct  by  heating  the  phosphoresc 
and  300^ ;  the  luminous  portions  then  become  brighter,  and 

Transparent  substances,  both  coloured  and  colourless,  pi 
incident  rays,  absorb  the  phosphorogenic  rays  in  the  same  pi 
luminous  and  chemical  rays. 

Identity  of  the  calorific^  Ivmimnu,  chemical,  and  phot 
formerly  supposed  that  the  rays  produdnp;  these  several  effe 
other ;  in  &ct,  that  luminous  bodies  emit  four  kinds  of  ra- 
by  a  prism,  form  four  spectra  superposed  over  each  other,  ^ 
and  minima  at  different  places.  But  it  is  much  mm«  { 
undulations  are  all  of  one  kind,  and  capable  of  producing 
above  mentioned,  according  to  the  nature  of  the  bodies  or  or 
In  fact,  the  calorific  and  chemical  rays  are  reflected  and  refi 
as  luminons  rays  of  equal  refrangibifilr ;  the  calorific,  lumii 
are  interrupted  by  the  same  lines ;  and  bodies  which  absorb  t 
absorb  heat-rays  and  chemical  rays  of  the  same  degree  of  re 
true  with  regard  to  the  phosphorogenic  rays,  so  far  as  thej 
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pMrt  of  the  flpeetram.  Moraover,  Fisean  and  Foucault  h&vo  ihown  thst  tlie  ehemieal 
■ctioDs  produced  at  the  focus  of  a  lens  bj  the  light  of  the  voltaic  arc  and  the  lime-light, 
are  to  one  another  in  the  same  ratio  as  the  luminous  intensity. 

Tho  production  of  the  several  effects  above  mentioned  by  the  same  raya,  is  quite  in 
acoordance  with  the  wave-theoiy  of  light.  The  waves  of  the  ether  striking  on  the 
surfiuse  of  ponderable  bodies  throw  their  particles  into  vibration,  and  the  paiticalar 
effects  produced  are  determined  by  the  rate  and  mode  of  vibration  thus  excited,  which 
themselves  depend  upon  the  manner  in  which  the  particles  of  the  body  are  held 
together,  as  well  as  upon  the  rate  of  vibration  of  the  incident  waves.  Bays  whose 
lensth  and  rapidity  of  vibration  are  such  as  to  excite  in  our  oisans  the  sensations  ol 
both  heat  and  light,  may,  when  they  impinge  upon  a  ponderable  body,  set  its  partides 
into  such  a  rate  of  vibration  as  to  excite  in  the  surrounding  ether,  waves  whose  length 
and  ru>idity  of  vibration  correspond  to  the  least  refrangible  rays  of  the  spectrum 
boyopd  the  visible  red.  In  like  manner,  we  shall  presently  see  that  the  invisible 
chemical  rays  at  the  other  end  of  the  spectrum  may  excite  vibrations  of  less  nudity, 
which  render  visible  the  body  on  whicn  they  impinge.  The  effect  thus  pirodiu»d  is 
called 


It  was  observed  some  years  ago,  by  Sir  John  Herschel,  that  a  solution  of  sulphate 
of  quinine,  though  peiftctly  colourless  by  transmitted  light,  exhibits  in  certain  aspects 
a  peculiar  blue  colour.  This  blue  light  was  found  to  be  produced  only  by  a  very 
thin  staratum  of  liquid  a^acent  to  the  surface  by  which  the  light  entered,  and  the 
incident  beam,  aft^  having  passed  through  the  stratum  from  which  the  blue  light 
came,  wss  not  sensibly  weuened  or  colou^d,  but  had  loet  the  power  of  produdnff  the 
usual  blue  colour  when  admitted  into  another  solution  of  sulphate  of  quinine.  Li^t 
thus  modified  was  said  by  Sir  J.  Herschel  to^  epipotised. 

Similar  phenomena  were  observed  by  Sir  D.  JBrewster  in  an  alcoholic  solution  of 
chlorophyll,  the  green  colouring  matter  of  leares,  the  path  of  a  beam  of  sunlight  ad- 
mitted into  the  grees  solution  being  mariced  by  a  bright  light  of  a  blood-red  colour. 
The  same  appearance  was  afterwards  observed  in  various  Tegetable  solutions  and 
essential  oils,  and  in  some  solids.  Brewster  distinguished  this  phenomenon  by  the 
osme  of  mterfuU  dispernan,  attributing  it  to  the  irregular  reflection  of  the  light  from 
ci/oured  particles  suspended  in  the  liquid,  and  was  of  opinion  that  Herschel's  epipolie 
dispersion  w&s  only  a  particular  case  of  this  internal  dii!^>ersion. 

The  true  explanation  of  these  remarkable  phenomena  has,  however,  been  siTen  by 
Professor  Stokes,  who  has  shown  that  the  peraliar  dispersion  produced  by  sulphate  of 
quinine,  and  the  other  liquids  above  mentioned,  is  due  to  a  change  o/rrfranffiaUity  m 
ike  ray$  of  Ught,    The  following  experiment  renders  this  evident : — 

A  solar  speetarum  is  formed  by  means  of  an  achromatic  lens,  and  one  or  more  prisms 
of  flint  glass,  sufficiently  pure  to  render  visible  the  principal  fixed  lines,  and  a  tube 
fiUed  with  a  solution  of  sulphate  of  quinine  is  passed  luong  this  spectrum,  from  the  red 
towards  the  violet  end.  Nothing  peculiar  is  observed  whue  the  tube  is  held  in  the  less 
Infrangible  part  of  the  spectrum,  the  light  passing  through  it  fr«ely  and  without  sen- 
sible modification ;  but  just  before  it  reaches  the  extremity  of  the  violet,  a  peculiar 
blue  diifbsed  light  makes  its  appearance  at  the  surface  of  the  fluid  hj  which  the  light 
ehters,  and  remains  visible,  even  after  the  tube  has  passed  beyond  >he  violet  into  the 
invisible  portion  of  the  spectrum,  acquiring,  in  &ct,  its  greatest  intensity  at  a  certain 
distance  beyond  the  extreme  violet 

The  stratum  of  liquid  from  which  the  diffiised  blue  lisht  emanates  is  thinner  in 
proportion  as  the  incident  rays  are  more  refrangible ;  an^  from  a  little  beyond  the 
extreme  violet  to  the  end  of  the  spectrum,  the  blue  space  is  reduced  to  an  excessively 
thin  stratum  a^acent  to  the  surfoce  by  which  the  rays  ent«r.  It  appears,  therefore, 
that  the  solution,  though  transparent  with  respect  to  nearly  the  whole  of  the  visible 
njB,  is  of  an  inky  blackness  with  respect  to  the  invisible  rays  more  refrangible  than 
the  violet.  Nevertheless,  these  rays,  when  once  thev  have  been  conyerted  into  the 
visible  blue  light,  pass  throng  the  liquid  with  facility,  'thtj  must,  therctifore,  be 
essentially  altered  m  character.  Now,  a  change  in  the  quali^  of  light  must  consist, 
either  in  a  modification  of  its  state  of  polarisation,  or  in  its  period  of  undulation.  The 
former  supposition  is  excluded  by  the  fact  that  the  light  thus  modified  is  not  polarised 
at  alL  lit  must,  therefore,  have  undergone  a  change  in  its  rate  of  vibration,  and 
consequently  a  change  of  refraiigibility.  The  existence  of  this  diange  is,  moreover, 
distinctly  proved  by  examining  £e  dinused  light  with  a  prism.  It  is  then  found  to 
be  by  no  means  homogeneous,  but  to  be  resolyable  into  rays  of  unequal  refrangibility, 
the  whole  of  which  are,  however,  comprised  within  the  limits  of  the  visible  spectrum. 
T%e  dijfused  blve  Ught  consists  of  the  chemical  rays  rendered  visible  by  a  change  tn 
their  refrangibiliiy. 

The  diffusion  thus  product  is  entirely  distinct  horn  that  which  is  due  to  reflectiaa 
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from  imffalarities  or  fliupended  particles.  The  two  plieii< 
together  u  the  same  medium  ;  bat  they  are  easilj  diaUDgai 
li^t  diffbued  by  irregalar  reflectioii  is  more  or  lees  polarised 
in  the  manner  abore  described  is  entirely  nnpolariaed,  even 
theroselyee  polarised.  This  phenomenon,  to  which  Professoi 
name  of  true  diffuswn^  to  distinguish  it  from  the  &Ise  diffus 
refleetion,  is  now  called  FLuoBBscnfci. 

It  is  exhibited  by  n.any  solutions,  and  by  many  solid  1 
transparent,  the  colour  of  the  diflfhsed  light  Tairing  with  tl 
An  aqueous  infusion  of  horse-chesnut  baric  exhibits  it  very  i 
colour  similar  to  that  of  sulphate  of  quinine.  Many  compoi 
nium  are  also  highly  fluorescent,  and  diflVise  a  greenish 
nitrate,  and  eanary-giass,  A  decoction  of  madder  mixed  v 
orange-yellow  fluorescence ;  tincture  of  turmeric  and  alcob 
seeds  diffuse  a  greenish  light ;  an  alcoholic  solution  of  chlon 

When  the  fluorescence  is  strong,  as  with  sulphate  of  q 
merely  viewing  the  substance  by  ordinary  difi\ised  daylight 
ration  and  for  detecting  fluorescence  when  it  exists  onl 
following  method  is  recommended  by  Stokes  (PhiL  Mag.  [ 

Li^ht  is  admitted  into  a  darkenea  room  through  a  hole  sc 
the  window-shutter,  and  the  object  to  be  examined  is  placed  oi 
the  top,  and  fixed  just  below.  The  hole  is  covered  with  ai 
the  principal  absorbent^  so  selected  as  to  transmit  only  th< 
yisible  rays  of  high  refrangibility.  The  body  on  the  shelf  ii 
medium,  the  compiementary  absorbent,  which  is  chosen  so  s 
possible  to  those  rays  which  are  absorbed  by  the  first,  and  t< 
are  transmitted  by  the  first  If  the  media  are  well  selected 
approach  to  perfect  darkness ;  and  if  the  object  appears  u 
most  probably  arises  from  fluorescence.  To  determine  w! 
really  due  to  that  cause,  the  complementary  absorbent  is  ren 
to  the  front  of  the  aperture,  when  the  illumination,  if  really 
wholly  disappears ;  whereas,  if  it  be  due  merely  to  scattere 
through  bouL  media,  it  remains.  In  examining  feebly  fluor 
it  is  better  to  keep  the  second  medium  in  its  place  before  t 
medium,  the  tranH^er^medium,  phcing  the  last  alternately  L 
rays,  and  between  the  object  and  the  e^e.  Still  greater 
attained  by  placing  the  substance  side  by  side  with  a  small  w 
is  quite  destitute  of  fluorescence,  and  examining  the  two 
object  being  placed  on  the  tablet,  a  slit  is  held  dose  to  it, 
seen  projected  partly  on  the  object^  partlj^  on  the  tablet,  and 
a  prism.  The  fluorescence  of  the  object  is  eridenced  b^  lig] 
the  spectrum,  in  which  the  rays  coming  through  the  pnndp 
by  the  tablet,  then  produce  nothing  but  darkness.  These  a 
Co  show  the  fluorescence  of  white  paper,  even  on  a  very  gloo 

It  is  not  merely  the  most  refrangible  rays  that  are  capable 
the  rays  of  any  part  of  the  spectrum  may  undergo  this  chang 
media  with  the  spectrum  in  Uie  manner  already  described, 
cence  begins,  sometimes  in  the  blue,  sometimes  in  the  yellov 
tion  of  chlorophyU,  it  begins  in  the  red.  But  wherever  the  d 
begin,  it  is  always  in  one  direction,  consisting  in  a  diminutio: 
And  a  consequent  depression  of  the  light  in  the  scale  of  cole 
length  of  the  wave  i$  increased^  and  its  velocity  of  undulatio 
tions  of  the  ether  in  the  inddent  ray  appear  to  exdte  distui 
molecules  of  tbe  fluorescent  medium,  whereby  new  vibratioi 
dififering  in  period  from  those  of  the  inddent  ray.  The  port 
produced  this  molecular  disturbance  is  used  up  or  absorbedy 
perception,  just  as  heat  is  converted  into  mechanical  work, 
•sorption  of  light  always  takes  place  in  this  manner.  The  w 
version  of  luminous  rays  Into  invisible  ealoriflc  rays,  is,  as  a 
instance  of  diminution  of  refrangibility  accompanied  by  abs4 

As  the  most  refrangible  ravs  are  the  most  active  in  p 
natural  that  this  effect  should  be  most  strikingly  exhibited  1 
are  rich  in  those  rays, — the  flame  of  alcohol  and  of  sulphur, 
do,  in  fact,  produce  the  effect  in  a  higher  degree  even  than 
beautiAil  effect  is  produced  by  enosing  a  number  of  highly 
sulphate  of  q|uinine,  inAision  of  horse-chesnut  bark,  and  ca 
■ulphur  burning  in  oxygen  in  a  dark  roomu 
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The  colour  and  oompodtioii  of  naoreseeiit  light  sometimM  afford  valxiable  aid 
in  dutinguisbing  between  one  substance  and  another,  and  in  testing  the  purity  of 
•olntions.  With  a  solution  of  a  jmre  avUtanee^  the  tint  of  the  fluorescent  light  is 
almost  perfectly  constant  But  this  tint,  it  must  be  remembered,  is  that  of  the  light, 
M  emiUed^  not  as  ntbsequenily  modified  by  absorption  on  the  part  of  the  solution,  in 
case  the  solution  be  sensibly  oolouiwd,  and  some  precautions  are  required  in  order  to 
observe  it  correctly.  The  fluorescence  obserred  m  solutions  from  the  barks  of  the 
borse^esnut,  ash,  &c.,  was  formerly  attributed  indiscriminately  to  the  presence  of 
asculin,  whereas  a  purified  solution  from  the  bark  of  the  borse-chesnut  exhibits  a  fluores- 
cence Teiy  sensibly  different  from  that  of  nsculin,  which  observation  alone  would  suffice 
to  show  that  the  bark  must  contain  some  other  fluorescent  substance  besides  aasculin. 

The  best  mode  of  observing  the  true  fluorescent  tint  is  to  dilute  the  liquid  con- 
siderably, and  to  pass  into  it  a  beam  of  sunhght,  condensed  by  a  lens  fixed  in  a  boanl 
io  such  a  manner  that  as  small  a  thickness  of  the  liquid  as  possible  shall  intervene 
between  the  fluorescent  substance  and  the  eye.  If  a  stratum  of  this  thickness  of  the 
dilate  solution  is  sensibly  colourless,  the  tint  of  the  fluorescent  light  will  not  be 
sensibly  modifled  by  subsequent  absorption.  But  as  direct  sunlight  is  not  always  to 
be  bad,  the  following  method,  requiring  only  diffbsed  daylight,  may  also  be  used,  the 
solutions  being  pretty  strong,  or  at  least  not  extremely  dilute. 

A  glass  containing  water  and  blackened  internally  at  the  bottom  is  placed  at  a 
window,  and  the  solution  to  be  examined  as  to  4ts  fluorescent  tint  is  placed  in  a  test- 
tube  which  is  held  vertically  in  the  water,  the  top  slightly  inclining  from  the  window, 
and  the  observer  regarding  the  fluorescent  light  from  above,  looking  outside  the  test- 
tube.  Since  by  fiir  the  greater  part  of  the  fluorescent  light  comes  from  a  yeiy  thin 
stratum  of  liquid  next  the  surface  by  which  the  light  enters,  the  fluorescent  rays  have 
mostly  to  traverse  only  a  Tcry  small  thickness  of  the  coloared  liquid  before  reaching 
the  eye;  the  water  permits  the  escape  of  those  fluorescent  rays  which  would 
otherwise  be  internally  reflected  at  the  external  surface  of  the  test-tube,  and  the  in- 
tensity of  the  light  of  which  the  tint  is  to  be  observed  is  increased  by  foreshortening. 
(Stokes,  CheoL  Soc  J.  xl  19.) 

The  nature  of  the  soWent  must  also  be  attended  to.  The  colour  of  the  fluorescent 
Hght  is  liable  to  change,  not  merely  in  passing  from  an  alkaline  to  a  neutral  or  add 
sdution,  but  even  occasionally  in  passing  from  one  neutral  solvent  to  another. 

The  composition  of  fluorescent  light,  as  revealed  by  the  prism,  occasionally  presenti 
peculiarities,  but  in  such  cases  they  are  found  to  be  connected  with  peculiarities  in  th« 
mode  of  absorption,  so  that  the  two  are  not  to  be  regarded  as  independent  characters 
of  a  substance ;  and  as  the  peculiarities  in  the  absorption  are,  as  a  general  rule,  the 
more  easily  observed,  it  is  only  rarely  that  the  analysis  of  the  fluorescent  light  is  of 
much  use. 

The  distribution  of  fluorescence  in  the  spectrum  often  afibrds  valuable  information, 
but  its  observation  requires  the  use  of  somewhat  complicated  apparatus.  The  observa- 
tion is  restricted  to  times  when  the  sun  is  shining  pretty  steadily  (unless  the  observer 
has  recourse  to  electric  light,  or  at  least  limelight);  it  is  requisite  to  reflect  the 
sun*s  light  horizontally,  without  which  the  observation  would  be  most  troublesome ; 
and  unless  the  reflexion  be  made  by  the  mirror  of  a  helioetat,  the  continual  change  in  the 
direction  of  the  reflected  light  is  most  inconvenient  It  is  requisite  to  use  at  least  one 
good  prism,  better  two  or  three,  which  must  be  of  tolerable  siEe,  in  order  to  have 
fi^t  of  sufficient  intensity,  and  the  prisms  must  be  combined  with  a  lens,  which  need 
not  however  be  achromatic 

It  has  already  been  stated,  as  the  result  of  experience,  that  the  colour  of  the  fluo- 
rescent light  of  a  single  substance  is  constant  throughout  the  spectrum,  or  Tery  nearly 
•a  If^  uiereibre,  on  examining  a  solution  in  a  pure  spectrum  thus  formed  by  pro- 
jection, we  flnd  the  fluorescence  taking  a  f^h  start  with  a  different  coiour^  we  may  be 
almost  certain  that  we  hare  to  do  with  a  mixture  of  two  different  fluorescent  sub« 
stances,  the  presence  of  which  is  thus  revealed  without  any  chemical  procens.  I^ 
bowerer,  the  fluorescence  of  two  fluorescent  substances,  which  may  be  mixed  together, 
begins  at  nearly  the  same  point  in  the  spectrum  (as  commonly  happens  when  there  is 
merely  a  slight  difference  of  tint  in  the  colour  of  the  fluorescent  light  of  the  two 
susbtances),  the  coexistence  of  the  two  may  escape  detection  when  the  mixed 
solutioD  is  merely  examined  in  a  pure  spectrum ;  and  in  such  cases  a  combination  of 
processes  of  fractional  separation  with  the  observation  of  the  tint  of  the  fluorescent 
light  is  more  searching.  This  is  the  case,  for  instance,  with  the  mixture  of  ascalin 
and  firaxin  contained  in  a  solution  from  the  bark  of  the  horse-chesnut 

As  the  occurrence  of  a  decided  difference  of  colour  in  the  fluorescent  light  seen  at 
two  different  parts  of  the  spectrum  implies,  almost  to  a  certainty,  the  presence  of  two 
different  fluorescent  substances,  so,  conversely,  the  exhibition  of  the  same  colour  is  an 
argument  in  favour  of  the  identity  of  the  substance  producing  the  flooresoence  at  the 
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deed,  say  that  there  maj  not  be  ti 
imenoee  at  neaiiy  the  same  part  o 
iiorescence  of  which  oommenced  at 
BTtaiiily  reveal  themselTes  by  the  < 
refirangibility  of  the  light  emitted  i 
of  a  pure  subetanoe,  extends  near 
t  which  the  fluorescence  commence 
m  one  pure  substance  to  another, 
)  rays  of  leas  refrangibility  which 
there  10  so  dose  a  connection  b 
refrangibility  of  the  rays  by  whic 
iation  in  the  one  is  incompatible  i 
her.    (Stokes,  Chem.  Soc.  J.  zrii 

JLtMorptloa. 

rent  to  a  certain  extent ;  eren  me 
lUow  a  small  quantity  of  lisht  to  i 
nely  thin  leares ;  thus  gold-leaf  i 
On  the  other  hand,  there  is  no  i 
.  the  air  stops  a  certain  quantity  of 
reiy  considerable ;  on  the  tops  of  ] 
in  when  seen  from  near  the  sea 
irless  gases  may  be  regarded  as  pe 
»Iourle8s  or  coloured,  according  as 
If  in  the  same  or  in  different  propo 
)  red  rays  more  easily  than  those 
through  a  piece  of  glass  1  millim 
)  colours  excepting  the  red  disappet 
i  rays.  Other  media  transmit  nyi 
isequently  exhibit  compound  colon 
tion  of  copper,  when  or  a  certain 
g  the  red  and  the  riolet 
led  through  a  red  glass  be  passed 
will  absorb  but  a  small  proportion 
sh  are  incapable  of  passing  throng 
It  medium ;  but  if  toe  second  glasi 
ther  will  form  a  perfectly  opaque  a 
Lch  is  absolutely  colourless,  that  is 
in  exactly  the  same  proportion ;  ere 
blue ;  the  colour  of  tiie  sky  is  mere! 
f  sereral  miles ;  in  like  manner  d 
leen  through  a  blue  glass, 
lable  a  medium  to  absorb  the  ray 
certain  thickness.  Even  metals,  i 
films,  transmit  certain  colours,  an 
ken,  stops  all  but  the  red  rays  of  ti 
T  of  coloured  rays  as  its  thidmess 

d  that  the  quantity  of  licht  absoi 
m  through  which  it  passed,  but  lati 
licated.  Suppose  the  medium  dr 
e  direction  of  the  rays  which  tni 
;  which  represents  the  proportion 
r,  and  that  of  the  light  which  pas 
posed  homogeneous)  which  aniTes 
ond  will  be  la ;  that  which  aniyes 
presents  the  thickness  of  the  mediui 
ter  hayinff  passed  through  this  tl 
ensity  of  uie  emergent  li^t  decrea 
^ess  of  the  medium  increases  ii 
)y  the  suocessiye  layers  follow  a  si 
i);  for  the  second,  Ia(l— a);  for 

spresent  the  intensities  of  the  seye] 

light,   the   total  intensity  of  th 

;  auo  let  r,  o,  y,  &c,  be  the  fractioi 


Digitized  by 


Google 


:  ABSORFHON.  6Si 

ion,  a  unit  of  thickness  of  the  medimn ;  then  tht 
Layer  whose  thickness  is  «,  will  be 

sining  the  smallest  of  the  fractions  r,  o,  y,  &e. 
;  the  colours  corresponding  to  the  other  termi 

more,  and  the  emergent  tint  will  not  be  white, 
ending  on  the  relative  magnitude  of  the  seyera] 
nj  one  colour,  red  for  example,  are  less  abeorb«<] 
r  increasing  the  thickness  of  thn  film,  to  a  certain 

homo^neous ;  for  by  increasing  e,  the  latioc 
■eased  in  any  required  proportion.  When,  on  th€ 
iffer  but  little  nDm  imity,  and  the  thickness  oi 
>a*  •¥  &Cf  differs  but  little  from  that  which  repre- 
ay ;  that  is  to  lay,  the  light  is  not  percepublj 

■al  coloured  rays  absorbed  by  a  coloured  medium 
b^  viewing  a  line  of  light  through  a  prism  and 
will  then  he  seen  to  be  diminished  in  brightnesi 
together  in  others.  This  mode  of  observation  in 
jis,  as  many  coloured  substances  when  thus  ex- 
ectra,  the  peculiarities  of  which  may  often  be 
on  of  the  substance  under  examination  contain! 
[ties  to  change  its  colour  very  considerably.  Thi 
lervation  is  given  by  Professor  Stokes  (Chem 

lense  flint  glass,  ground  to  an  angle  of  60^,  and 
>mfortably.  The  top  and  bottom  should  be  fiat, 
i  between  the  thumb  and  fore-fineer,  and  layiuji 
ratch  or  soil  the  faces.  A  fine  line  of  light  ii 
a  board  6  inches  square,  or  a  little  longer  in  i 
>  the  aperture  two  pieces  of  thin  metaL  One  o1 
of  altering  the  breadth  of  the  slit  About  th< 
th  for  ordinary  purposes.    The  board  and  metal 

gth  against  the  sky  or  a  luminous  flame,  the  slit 
direction,  and  viewing  the  line  of  light  thm 
to  the  eye,  with  its  edge  vertical,  a  pure  spectrun 
I  prism.  Turning  the  prism  round  its  axis  alten 
pt  by  trial  The  whole  of  the  spectrum  is  not 
lat,  in  scrudnising  one  part  after  another,  it  ii 
iVhen  daylight  is  used,  the  spectrum  is  known  tc 
Bxed  lines;  in  other  cases  the  focus  is  got  by  thi 
ar  objects,  whatever  they  may  be,  which  are  pre 
)  the  absorption-spectrum  of  a  liquid,  an  elastu 
the  top,  ana  a  test-tube  containing  the  liquid  ii 
it  in  Its  |dace  behind  the  slit  The  spectrum  ii 
tube  being  turned  from  the  eye. 

iV.  669. 


he  absorption,  different  degrees  of  strength  nual 
h  a  strength  which  does  not  render  any  part  oj 
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ibe  ■pecti'um  alitolntely  black,  tmleu  it  be  one  or  morB  reij  u 
wiie  the  moet  distinctiTe  features  of  the  abeorptioD  might  be  mi 
be  contained  in  a  wedse-ahaped  Teasel  iosteiid  of  a  test-tube 
absorption  may  be  watoied  in  a  continnons  manner  by  sliding 
eye.  Some  obeenrers  prefer  usmg  a  wedge-shaped  vessel  in  com 
the  slit  being  perpendicular  to  the  edge  of  the  wedge.  In  thia 
the  slit  fonos  an  elementary  spectrum  corresponding  to  a  thi 
which  increases  in  a  continuous  manner  from  the  edge  of  the  w» 
This  is  the  mode  of  observation  adopted  by  Oladston  e.    (Ch( 

Ftp.  669  represents  the  effect  prodaced  in  this  way  by  a  solo 
of  duomiam,  tjxdfia.  669  that  produced  by  a  solution  of  pemn 
llie  rig^t  hand  sides  of  these  figures  convspond  with  the  red 
the  letters  refer  to  Frauenholer's  Baes.  The  lower  part  of  eadi 
spectrum  seen  through  the  thinnest  part  of  the  wedge,  and  the  e 
tion,  as  the  thickness  of  the  liquid  increases,  is  seen  by  the  gma 
spectrum  towards  the  up^r  part  of  the  fi^^ures. 

The  following  observations  on  the  application  of  the  absorptic 
analysis,  are  extracted  ftt>m  a  paper  by  Profrasor  Stokes  (Chen 

**In  nsany  cases  nothing  is  observed,  beyond  a  ceneral  absoi 
end  of  the  spectrum,  ot  <?  its  middle  part,  and  Uie  prism  gi 
beyond  what  is  obtained  by  the  eye,  by  observing  the  sueeestiof 
by  different  thicknesses  of  the  liquid.  And  here  it  may  be  remi 
reference  to  the  description  of  pure  substances,  that  in  specifying 
corresponding  to  a  considerable  thickness,  as  is  eotmnonly  d 
peculiar  features  of  the  absorption  are  left  ahnost  wholly  vndee 
solutions,  one  might  be  pink  when  dilute,  passing  on  to  red  witi 
and  tiiicknesB,  another  yrilow,  passing  through  orange  to  red 
monly  be  described  as  rvcl,  yet  the  series  of  tints  indicates  an 
mode  of  absorption,  the  middle  of  the  spectrum  in  the  one  eas^ 
gible  end  in  the  other,  being  the  most  powerfully  attacked. 

**  But  in  some  cases,  especially  with  substances  of  intense  cole 
of  absorption  is  eminently  characteristic.  Two  or  more  dark  1 
spectrum,  indicating  maxima  of  abiforption ;  and  the  positions 
relative  intensity,  and  their  other  features,  form  altogether  a  S4 
distinctive  nature  of  which  is  such  as  those  who  have  neglectec 
have  little  conception  of  They  render  it  ^^ectly  easy  in  nu 
particular  substance  among  a  host  of  impurities.  For  each  co 
duces  its  own  absorption,  independently  of  the  others  (suppoei 
not  chemically  react  on  each  other),  so  that^  unless  the  port  of  t 
the  distinctive  bands,  or  most  of  them,  occur,  is  wholfy  absorl 
the  presence  of  the  substance  can  still  be  recognised.  Such  a  cc 
the  less  likely  to  occur,  for  this  reason,  that  when  the  ehancters 
strongly  marked,  it  almost  always  happens  that  a  compsrativelji 
substance  suffices  to  produce  the  enect,  and  the  solution  nrue 
much  diluted  that  the  effect  of  the  impurities  comparatively  disi 

**  Nor  ii  this  alL  When  a  substance  exhibits  marked  cbaract 
solvent,  it  often  happens  that  it  shows  different  and  no  less  i 
solvent  of  a  different  nature.  Not  only  does  this  furnish  adt 
which  the  substance  can  be  distinguished  from  others,  but  it  is 
the  substance  when  involved  in  impurities :  for  the  nature  of  t 
such  as  to  mask  the  substance  in  ooa  solvent  and  not  in  anothi 
the  case  where  one  solvent  is  alkaline  and  the  other  add ;  but 
times  observed  even  with  two  neutral  solvents. 

"  To  illustrate  these  principles,  we  may  refer  to  the  colourii 
Alizarin  and  purpurin  both  yield  highljr  (ustinctive  spectra,  the 
in  the  case  of  solutions  containing  caiistic  alkali,*  whereas  most 
are  highhr  distinctive.  Madder  itself  contains,  dther  directly  < 
•ompoMBition,  a  number  of  substances  which,  in  alkaline  solutio 

■  A  loluttBii  ot  tllMrlD  in  carbonate  of  potatsUun  or  aodlum,  or  In  amn 

baviag  a  band  of  ab«orpClon  in  the  yellow,  another  niirrower  one  beiveen  thi 

third  very  iBconapiaioni  band  coinciding  with  the  line  B.v-Purpurin,  dicMol 

•lum  or  ■odhim^  exhihlu  tvo  darli  bands  of  absorption  about  the  green  part  ol 

of  the  saane  aniUMance  in  aqueoaa  alum  exhibits  the  same  peculiar  mode  of 

yellow  fluoreaceoce — A  solution  of  purpurin  in  sulphide  of  carbon  exhiMu  f 

which  the  firet,  siitjuutted  in  4be  yellow  just  berond  D,  reclioning  from  Uie 

than  the  rest;  the  second  isaitiutted  in  the  green,  nearly  coinciding  srith  the  II 

»"      —    -  •  -^    'nuitii.  arhich  U  'trj  inconspicuous,  in  the  indigo— Lastly, 

tm  exhibiting  two  bands  of  absorption  ;  one  narrow  ac 

h  Bi  the  a^eood  in  the  blue,  broader  end  less  sjtrong 

he  soltttioa  U  also  slightly  fluoretceut.    (Stokes,  Cbc 
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nctiTe  bands  of  purpnTin  oocnr.  Hraoe^  in  a  mixture 
ntaining,  we  will  suppose,  puipurin  in  comparadTrij 
porpnrin  would,  in  an  alkaline  solution^  be  masked  bj 
uier  or  acidulated  alcohol  the  other  substances  yield 
nlar,  and  interfering  comparatiTely  little  with  the  dis- 
le  in  an  alum-liquor  solution  made  by  boiling,  not  only 
n  this  Aolvent  occur  at  a  lower  reftungibility  than  with 
ted  from  the  absorption  produced  by  the  associated 
s  themselTes  are  also  in  good  measure  excluded. 
Bsity  of  attending  to  the  nature  of  the  solvent,  eren  in 
rents,  we  may  refer  to  a  yellow  substance  which  is  one 
colouring  matter  of  leaves.  The  alcoholic  solution  of 
aracteristic  bands  of  absorption,  the  first  of  which  ia 
0  the  line  F  on  the  more  refrangible  side.  The  solution 
two  similar  bands,  but  much  less  refrangible,  the  line 
ht  interval  betweeen  the  first  and  second  dark  bands, 
composed  by  acids,  and  even  by  acid  salts,  yielding  a 
,  in  alcoholic  solution,  exhibits  two  bands  of  absorption, 
good  deal  more  refrangible.  There  is  the  same  change 
i,  in  passing  from  alcohol  to  sulphide  of  carbon,  so  that 
f  decomposition  in  sulphide  of  carbon  agrees  almost 
,  with  that  of  the  parent  substance  in  alcohol, 
of  the  absorption-spectrum  of  a  substance  useM  for 
Ace  through  mixed  solutions,  but  it  sometimes  reveals 
they  might  not  be  suspected,  if  the  origin  of  the  sub- 
the  purpurem  of  Dr.  Stenhouse  dissolves  in  ethor  or 
olour,  while  that  of  the  same  solutions  of  purpurin  is 
I,  in  both  cases  alike,  the  existence  of  three  bands  of 
while  the  purpurei'n  bands  are  situated  nearer  the  red 
t  one  interval.  This  example  shows  how  deeply  seat^Ki 
a  body  may  in  some  cases  be  the  cause  which  produces 

aed  that  the  peculiaritief  of  absorption  of  a  substance 
,e  detection  of  that  substance  in  a  mixture.  But  the 
nixture  of  an  unknown  number  of  unknown  substances, 
liarities  of  absorption,  to  determine  whether  the  whole 
» the  same  substance,  and,  if  not,  what  portion  are  due 
ion  to  another.  Little  can  be  done  towards  the  solution 
ibsemration  of  absorption ;  we  can  only  say,  that  some 
absorption  are  common  in  solutions  of  pure  substances, 
d  gire  rise  to  the  suspicion  of  a  mixture.  The  pheno- 
me  cases  material  assistance ;  but  in  general  it  is  only 
is  with  processes  of  chemical  separation,  especially 
sfactoij  conclusion  can  be  arrived  at  When  a  mixture 
a  conviction,  at  last  approaching  certainty,  is  gradually 
absorption  which  are  always  found  accompanying  one 
lame  substance. 

ty  of  manipulation,  especially  in  the  examination  of  very 
nethod  of  separation  equal  to  that  of  partition  betwf>en 
agitation.  Ether  combined  with  water,  either  pure  or 
the  most  generally  useful,  and  the  separation,  if  not 
indered  so  by  introducing  the  acid  or  alkali  bv  minute 
r  solvents  are  useful  in  particular  cases.  Sulphide  of 
Icohol  affords  the  means  of  disentangling  the  coloured 
;ether  in  the  green  colouring  matter  of  leaves.  Solutions 
ich  are  naturally  precipitable  by  an  alkali  or  alkaline 
solution  by  means  of  a  tartrate,  are  very  useful  in  the 
in^  matters,  not  merely  for  producing  changes  of  colour 
Eition,  but  even,  in  conjunction  with  ether,  for  effecting 
ional  separation  may  be  effected  by  making  the  solution 
N!t  neutrality.  By  combining  with  ether  Huch  a  solution 
lible  to  separate  and  detect  the  purpurin,  alizarin,  and 
f  powder  not  exceeding  in  bulk  a  fraction  of  the  head  of 

on  the  absorption  spectra  of  metallic  salts  are  by  Dr. 

79): 

ra  exhibited  by  different  salts,  onlycne  constituent  of 
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which  is  eolonred,  ■hows  that^  with  yerj  few  ezoratiom^  all  tl 
base  or  add  hare  the  same  effect  on  the  rays  of  light  Thl 
in  many  instances  which  at  first  sight  appear  exceptional  1 
■ome  salts  of  chromic  oxide  are  green,  others  rea  or  porpl 
coloured  chromic  salts  all  exhibit  the  same  general  form  of  spe 
the  violet  and  indigo  rays  are  very  soon  cat  off;  and  as  th 
light  is  more  and  more  concentrated  about  two  points — on< 
the  bluish-green,  the  red  ray  penetrating  with  the  greatest 
the  chloride  and  other  salts  of  chromium,  which  are  grt 
solutions,  appear  purple  or  red  when  we  look  through  a  stn 
The  acetate  absorbs  the  green  rays  more  readily,  and  there! 
Tery  weak  solutions,  or  in  thin  strata,  while  the  "  red  potaf 
green  so  speedily  that  the  thinnest  portion  of  it  appears  oluit 

Salts  composed  of  a  coloured  base  and  a  coloured  acid  exl 
of  the  rays  which  are  not  absorbed  by  either,  the  resultant 
instances,  but  little  resemblance  to  the  original  colours.  I 
chromic  oxide,  a  compound  of  two  substances  which  give 
green  solutions,  is  not  bright  green,  but  brownish-red,  becai 
off  nearly  all  the  blue  and  violet  rays,  while  the  oxide  of  chn 
and  the  greater  put  of  the  green. 

Some  salts  which  are  but  slightly  coloured,  nevertheless  e 
spectra.  Thus,  a  solution  of  sulphate  of  didymium,  which  h 
exhibits,  when  examined  by  the  hollow  wedge  and  prism,  a 
very  black  lines ;  one  in  the  yellow,  the  other  in  the  green, 
veiy  weak  solutions  of  didymium,  and  therefore  serve  as  a  de 
they,  moreover,  afford  means  of  diBtinguishing  it  from  cerit 
spectra  of  which  they  do  not  occur. 

Brfwstet's  Theory  of  the  Spfctrum,  Newton  regarded  the 
an  infinite  number  of  simple  colours,  each  element  of  it  consi 
refrangibility  and  not  capable  of  further  decomposition ;  and  t 
nnivenally  received  as  affording  satisfactory  explanations  < 
colour,  and  of  the  decomposition  and  recomposition  of  ligh 
studying  the  decomposition  of  light  by  absorption,  observer 
regarded  as  incompatible  with  Newton's  theoi^,  and  he  ace 
theoryof  the  constitution  of  the  spectrum,  which  is  as  follow 

1.  White  light  is  composed  of  three  colours  only,  red,  y  el 
eertain  proportions. 

2.  The  sohir  spectrum  is  formed  of  three  superposed  specti 
them  extending  the  entire  length  of  the  spectrum,  but  witJi  vai 
in  fy.  670 ;  where  the  horizontal  line  rv,  represents  the  lengtl 
three  curves,  R,  Y,  and  B,  are  so  drawn  that  their  ordinatei 
intensities  of  the  several  colours  at  each  point,  the  blue  hai 
the  fixed  lines  F  and  O,  the  yellow  near  F,  and  the  red,  two 
another  of  lower  intensity  near  the 

Tiolet  end  of  the  spectrum.  F\ 

3.  All  the  colours  of  the  spe<*tmm 
are  compound,  and  as  all  the  rays 
united  in  one  point  have  the  same  de- 
gree of  refhingibility,  they  cannot  be 
ftirther  decomposed  hj  redaction. 

Brewster  was  l«d  to  these  condnsions 
^y  observing  that  when  the  spectrum 
is  viewed  through  certain  coloured  media,  white  lisfat  maybe  s 
of  it  Thus,  by  looking  through  an  asure-Une^ass  of  sdB< 
tJuongh  a  solution  of  sulphate  of  copper  mixed  witii  red  ink,  tb 
rephiced  by  white,  very  slighUy  tinged  with  green  or  red,  ac 
tint  of  the  medium.  This  white  li^t  is  not  deoomposible  I 
decomposed  by  viewing  it  through  a  film  of  gelatm  of  ye 
white  band  then  appearing  yellow  or  green,  in  consequence 
blue  or  red  rays,  ^y  similar  means  Brewster  found  white  li 
orange,  whence  he  concluded  that  the  three  primary  colours  e 
and  orange  of  the  spectrum.  In  like  manner,  by  viewing  the 
yellow  liouids,  he  found  that  the  blue  and  indigo  assumed 
oonduded  that  red  light  exists  in  these  parts  afSie  spectrun 
trum  seen  through  a  film  of  blue  gdatin,  exhibited  a  white 
indigo  viewed  tluougha  blue  gkss  assumed  a  violet  tint:  hen 
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jwiDg  the  speetmm  through  a  layer  of  PeraTian  balaam, 
mica,  yellow  was  seen  in  the  red  near  the  line  C. 
It  yellow  in  the  violet,  but  be  atoibnted  this  negatiTe 
ffht  in  this  part  of  the  spectram,  and  thto  fiMnlity  with 
loared  media.  Lastly,  the  red  of  the  speetmm  seen 
ralphur-balsam,  or  red  mica,  appeared  green,  whence  it 
speetmm  also  contained  bine. 

ever  met  with  general  adoption.  In  the  first  place,  it  is 
{-theory  of  light :  for  inst  as  there  is  an  infinite  number 
Infinity  of  waTe>lengths  in  the  air,  so  likewise  mast  thero 
8  of  colour  corresponding  with  an  infinite  number  of 
herefore  also  (p.  609),  an  infinite  number  of  different 
land,  to  account  for  the  dark  lines  of  the  solar  spee- 
appose  that  certain  lays  are  wanting  in  the  component 
ts,  which  is  very  improbable. 

rhatcTer  for  assuming  that  red,  yellow,  and  blue  are  the 
ht;  indeed,  Helmholts  has  shown,  by  a  method  to  be 
ual  colours  of  the  spectram  may  be  more  exaoXy  imi- 
ieUf  and  Tiolet^  but  that  even  then  the  imitation  is  far 

Airy,  Helmholta,  and  others  hare  likewise  shown  that 
ome  out,  even  by  his  own  method  of  obeervadon,  when 
eliminate  sources  of  error.  Airy  has  pointed  out  that 
>h  a  mode  of  experimenting,  it  is  necessary  in  the  first 
ght,  which,  being  decomposed  by  the  coloured  medium, 
id,  secondly,  to  compare  the  speetmm  viewed  through 
ire  spectram  viewed  directly,  the  two  being  formed 
',  as  in  no  other  way  can  an  exact  comparison  of  the 
of  the  two  be  made.  When  these  precautions  wore 
to  distinguish  the  slightest  difference,  excepting  m 
>f  the  spectrum  seen  through  a  coloured  medium,  and 
rectly.  Airy  also  observes  that  the  intensity  of  the 
mce  in  the  impression  produced  on  the  eye  by  any 

le  results  may  be  modified  by  the  light  scattered  by 
>  of  the  coloured  medium,  and  by  the  lens  and  prism  used 
when  the  absorbent  medium  used  is  a  film  of  gelatin, 
Do  eliminate  this  diffused  light,  the  spectram  is  received 

through  which  a  thin  oourared  pencil  can  pass,  and 
m  a  second  prism,  followed  by  a  lens,  which  forms  a 

a  faint  spectrum  proceeding  from  the  diffused  light 
»cond  aperture.  This  spectrum  does  not  perceptibly 
;e.  On  examining  the  different  colours  of  this  purified 
sd  media,  it  was  found  impossible  to  distinguish  any 
lours  thus  obaerved  and  those  viewed  directly, 
may  be  inferred  that  it  ia  impossible  to  decompose  the 
ption  any  more  than  by  refraction  ;  that  the  oolours,  as 
id  that  to  each  colour  there  oocresponda  a  definite  de- 


tton  of  Ugbt  lij  mofleettoii. 

■8  of  bodies  by  supposing  that  they  decompose  tha 
a,  absorbing  some  of  the  component  rays,  reflecting 
they  are  opaque,  or  reflecting  one  portion  and  trans- 
ansparent^  the  reflected  and  transmitted  light  being 
ecause  the  different  coloured  rays  are  not  absorbed 
sk  substances  are  those  which  absorb  all  the  rays 
ibstanees,  thoee  which  reflect  all  the  rays ;  bodies  of 
)  manner  on  all  kinds  of  luminous  rays.  But  between 
nfinity  of  substances  which  reflect  the  sefveral  coloured 
k  red  body,  for  example,  is  one  which  reflects  red  in 
'  rays  composing  white  light  In  the  case  of  opaque 
light  takes  place  at  an  insensible  depth  below  the  sur- 
it  of  ^e  inner  layers  of  the  substance. 
.  prism  he  thrown  on  a  white  surface,  each  point  reflecta 
appears  of  the  same  colour  as  that  light    If  tba  eur£ios 
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7  the  crystals  themselTes.  When  the  angle  of  inci- 
bie  reflected  light  is  analysed  by  a  Nichol's  prism,  with 
e  of  incidence,  and  then  by  a  common  prism,  the 
r  bright  bands.  A  flftU  bright  bond  ooolo,  perhaps, 
ne  crystal  with  a  fresh  surface.  Under  the  circnm- 
sm  would  extinguish  the  light  reflected  from  a  vitreous 
that  reflected  from  a  metal.  We  see,  therefore,  tba^ 
he  crystallised  body  passes  repeatedly  from  the  con 
etallic  substance  and  back  again,  as  the  refrangibilitA 
it  is  considered,  is  continuously  increased  by  a  small 

Qtense  absorption  and  metallic  reflection  exists  gene- 
studied  by  means  of  a  solution.  The  platinocyanides^ 
ations,  so  that  the  intense  absorption  which  most  of 
the  spectrum  must  be  attributed  to  the  mode  in  which 
ning  the  aystals ;  but  by  attending  to  the  colour  of 
fBttdBf  the  law  is  found  to  be  obeyed.  Gold  can  only 
1  by  means  of  the  opaque  solvent  mercury ;  but  its 
udied  in  gold-lea^  or  in  a  chemically  deposited  film, 
ble  to  the  law  mentioned,  the  less  refrangible  colours, 
sre  copiously  reflected,  being  also  those  which  are  the 

the  property  of  coloured  reflection,  such  as  perman- 
,  in  consequence  of  the  necessary  dilution,  the  opacity 
ny  part  of  the  spectrum,  of  that  intense  kind  which  is 
Bction;  and  accordingly  the  light  reflected  by  the 

to  reflection  should  appear,  it  is  necessary  that  the 
amount  of  coherence.  Thus  indigo  in  the  form  of  a 
when  viewed  by  reflection.  It  would  be  erroneous, 
I  blue  by  reflection,  if  we  were  speaking  of  the  pro- 
b  the  mere  crude  results  of  observation  made  under 
h  it  is  true  that  the  light  by  which  the  blue  colour  is 
ithout  which  it  would  not  have  reached  the  eye)  it  ia 
tic  selection  is  made  by  virtue  of  which  the  powder 
isnon.  In  &ct  it  is  only  a  small  portion  of  the  light 
grolar  Bur&ce  of  the  mass ;  the  greater  part  penetrates 
irious  depths,  and  in  passing  through  toe  particles,  in 
)rption  on  the  part  of  the  coloured  substance.  Were 
for  €df  the  colours  of  the  spectrum,  the  powder  would 
»  in  the  case  of  platinxmi-black.  B^  burnishing,  the 
yi  a  somewhat  coherent  mass,  and  it  now  begins  to 
reflection.  The  internal  reflections  are  at  the  same 
he  part  of  the  light  which  is  reflected  from  beneath 
tuch  reduced.  A  pressed  mass  is  not,  however,  an 
,  so  that  the  colour  by  reflection  obtained  by  bur- 
lite  pure.  In  the  state  of  a  fine  cirstalline  powder, 
s  copper  colour  due  to  reflection,  and  the  blue  colour 
rved  in  the  liffht  reflected  from  the  mass  as  a  whole ; 
e  obtained  in  large  ciystals,  the  colour  by  reflection 
ad  the  colour  by  transmission  would  disappear,  the 
(Stokes.) 


Solovrs  of  Thin  Vlatos, 

len  reduced  to  verv  thin  fllms,  exhibit  brilliant  colours 
iar  instance  of  this ;  glass  blown  out  into  thin  filma 
,  likewise,  does  a  layer  of  oil  spread  over  the  surface 
er,  are  best  studied  in  the  case  of  a  thin  film  of  air 
ass.    When  two  glass  plates  (of  any  sort  of  glass)  are 

spot  is  observed  at  the  point  of  dosest  contact,  and 
libiting  remarkably  beautifrd  colours :  if  the  light  be 

flame,  the  bands  are  alternately  light  and  dark.  The 
m  the  greater  or  lesser  regularity  of  thickness  in  the 
>  pressed  at  one  point  that  the  intervening  space  shall 
ie  bands  will  be  circular—otherwise  they  will  have  an 
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Fig.  671. 


irrcgahrAhape—lnit  in  all  euai  the  Mine  tfaidmesB  of  the  i 
paribus,  the  tame  ooloar.  Newton,  to  whom  this  experimen 
plano-convex  lens  of  small  carra 
of  fiat  glaae :  by  this  means  he 
whose  thickness  was  nnifbnn  at 
the  point  of  contact,  and  the  fri 
eiiculAT.  By  this  arrangement  ab 
of  the  lens,  he  was  enabled  to  cs 
the  film  of  air  by  which  any  partic 
For,  the  radius  of  the  ring  AM  (, 
measurement,  and  the  diameter  o 
given,  we  have  AB  x  AN  (or  MP) 

therefore  MP  »  -r 

whence  also  MP  varies  as  AM*. 

Proceeding  in  this  manner,  Newton  found  that  the  thickness 
whieh  the  successive  dark  bands  were  formed  varied  in  the  ra 

0,2,4,6 2n; 

•nd  those  by  which  the  light  bands  were  produced  in  the  nnm 

1,  3,  5,  7,    .    .    .    .    2n  -I- 1 ; 
ftirther,  that  the  thickness  of  the  film  at  the  first  bright  band 
inch  for  red  Ught,  and  about  4^millionths  for  violet  nghts 

Now  comparing  these  numbers  with  those  afterwards  found  b 
of  the  waves  (p.  600),  it  is  found  that  the  thickness  of  the  filn 
length  of  a  wave. 

The  explanation  of  this  phenomenon  is  as  follows : — ^The  ban 
terference  of  rays  reflectea  from  the  upper  and  under  suifiicefl 
Now  at  the  centre,  where  the  two  surfaces  are  in  almost  abe 
expect  the  reflected  rays  to  be  in  acordance—for  they  reach 
over  equal  paths.  At  the  first  bright  band,  the  thickness  «  ^  t 
the  ray  reflected  from  the  second  surface,  which  has  to  traveis 
behind  the  other  bv  half  an  undulation,  and  might  therefore  be 
other :  but  instead  of  that,  the  two  assist  each  other  and  prodi 
larly  with  the  other  bright  bands,  which  are  produced  by  ray 
length  bj 

t»f»i>    •    •    •    -^y-afawave-l 
The  daric  bands  are  formed  by  rays  which  differ  by 

Of  )i  Ik  fk     .    .    .    -J-  o^  *  wave-l 

snd  which  might  therefore  be  expected  to  be  in  accordance. 

The  explanation  of  this  apparent  anomaly  is  found,  as  point 
manner  in  which  the  direction  of  the  vibrations  of  the  ether-; 
passing  from  one  medium  to  another. 

When  a  wave  of  light  travels  through  a  medium  of  unifon 
returns  upon  its  path ;  no  reflection  tales  place,  but  each  part 
state  of  vibration,  communicates  its  vibration  to  the  next,  and  i 
^ust  as  an  ivorv  ball  striking  upon  another  of  equal  size,  drive 
18  itself  brought  to  rest  But  if  the  vibration  is  communical 
ferent  constitution — as  when  a  ra^  passes  from  air  into  glass, 
this  complete  destruction  of  the  vibration  of  the  particles  does 
-consequence  is,  that  the  light  is  at  the  same  time  transmit 
medium,  and  reflected  back  into  thedrst.  If  the  ray  passes  1 
the  ether  is  of  greater  density  to  one  in  which  it  is  of  less 
into  air,  the  direction  of  vibration  of  the  particles  in  the  re 
changed,  just  as  a  large  billiard  ball  striking  a  small  one,  dri 
it,  and  continues  in  its  own  course  though  with  less  velocity, 
when  the  ray  passes  from  air  to  glass,  that  is  to  say,  from 
«ther  of  greater  density,  the  vibration  of  the  partides  in  t 
«0r#f<^just  as  when  a  small  ball  strikes  a  laige  one^  the  lar{ 
but  the  smaH  one  driven  back  upon  its  path. 

To  apply  this  to  the  case  of  Newton's  rings.  The  bands  a 
Cwence  of  says  reflected  from  the  first  surface  with  rays  ni 
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ivflaetioii,  acoordiBg  to  Um  psiacipU 
the  nflected  ray  is  lerecaed,  becaoM 
le  fizat  sar&oe,  where  the  ray  paaiei 
a.  Gomaqiiently  the  two  rayt,  when 
noe,  just  when  they  would  haTe  been 
e  second  surface  had  not  taken  place, 
hidmess  of  the  fifan  it 

.    2nd, 


.  (afi-i-i)(< 

lenomenon  is  proved  by  the  fact  that 
Bed  between  two  other  media,  one  of 
an  itself,  the  positions  of  the  light  and 
1  of  sasnafhui  is  placed  between  a  plate 
K>t  is  white  ;  and  the  thicknesses  of  the 
dark,  and  of  the  eren  numbers  for  the 

ir  between  g^ass  plates.  Fringes  are 
ligfati  but  the  colours  of  any  particular 
same  ring  formed  by  reflected  light ; 
)ot  is  light,  and  the  bands  follow  the 
Bd  by  reflected  light  These  transmis- 
rays  transmitted  through  the  film,  with 
undergone  two  reflections,  one  at  the 
inoe  both  these  reflections  are  made  in 
n  caused  by  the  first  reflection  is  again 
ars  are  in  accordance  or  discordance^ 
i^ection  at  alL 

nd  the  ThiekfusM*  of  the  FUmB,—Th% 
mces,  at  the  points  where  they  form 
another  in  the  inverse  ratio  if  theif 

the  mth  order.  If  A,  V  are  tiie  waT»- 
bstances,  and  e,  4  their  thicknesses^  we 

.  (2m  +  1)JX'; 

It  may  be  verified  for  air  and  water 
9  glass  plates  which  produce  the  rings, 
)y  capillarity,  and  expelling  the  air  from 
ontact  It  will  then  be  observed  that 
ring  in  water.  Now  the  thicknesses  of 
e,  e,  8€;  6e,  7^  9^»  ^te.,  and  in  water  e^, 
ad  gives,  therefore,  7s  «  9^;  whenoe 

'  water  referred  to  air  as  unity. 

leasuring  the  indices  of  refraction  of 
•n  e  :  e'  »  fi' :  ^  the  ratio  of  the  thick- 
f  the  diameters  of  the  rings  of  the  same 
may  be  calculated  as  a  fimction  of  that 
ct»  in  consequence  of  the  difficulty  of 

ced  directly  over  the  centre  of  the  riini^ 
nee.  If  the  eye  be  moved  from  this 
»  diameters  increase  as  the  incident  ray* 
,  the  thidmess  of  the  transparent  film 
I  with  the  obliquity  of  the  rays ;  in  other 
ome  laws  as  when  the  incidence  is  per- 
the  thidmesB  <;  of  a  ring  of  given  order 
ith  the  thickness  e,  for  the  same  ring 
Urn  to  be  lonned  of  the  aame  safaslanoe 
i^by  the  equation,  e  •  if  ooa  i,  or  V  ■> 
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The  dkmeten  of  the  rings,  like  the  breadths  of  all  oth( 
gnatest  in  red, and  least  in riolet  light;  hence  in  white  ligh 
u  piodnoed  not  separated  by  any  absolutely  dark  spaces. 

The  ibUowing  table  exhibits  the  succession  of  colours  prodi 
■ad  the  corresponding  thicknesses  of  three  different  media : 


Newton's  TabU  of  the  Oolour»  of  ITdn  Hatei  in  Air, 


aoccMtloo  of  Sptdrm  or 

BAfloctad. 

Tnutsmltted. 

FiBST  Spectrum  or 
Order  of  Colours 

VeiybUck 
Black 
Beginning  of  black 
Blue 
White 
YeUow 
0^ 

White 

Yellowish-red 
Black 
Violet 

Blue 

SnooMD  Spectrum  or 
Order  of  Colours 

Violet 
Indigo 
Blue 
Oreen 
YeUow 
Orange 
Bright  red 
Scarlet 

White 

Yellow 

Bed 

Violet 

Blue 

Order  of  Colours 

Purple 
Indigo 

Blue 
Green 
Yellow 

Red 
Bluish-red 

Green 

Yellow 

Red 

Bluish-green 

Order  of  Colours 

Oreen 
Bed 

Red 
Bluish-green 

Fdth  Spectrum  or 
Order  of  Colours 

Greenish-blue 
Bed 

Red 

Sixth  Spectrum  or 
Order  of  Colours 

Greenish-blue 
Bed 

Sktknth  Spectrum 
or  Order  of  Colours 

Greenish-blue 

Beyond  these  limits,  the  colours  become  mixed  to  sncl 
white  light  I^  howeyer,  the  rings  be  riewed  through  a  p 
different  coloured  ra^,  a  much  larger  number  of  them  will 

The  transmitted  rings  are  much  fainter  than  the  reflected 
beams  of  light  which  contribute  to  their  formation  has  beei 
reflection  is  attended  with  a  considerable  loss  of  light. 

We  have  been  particular  in  describing  the  colours  of '  Ne 
axe  generally  used  as  a  standard  of  comparison  for  all  coloi 
upon  interferenosi 

Ooloivrs«fTtaiokVlat0S« — ^This  term  is  applied  to  oerti 
or  fringes,  produced  bjr  interference  at  the  sumces  of  tran 
exhibit  the  peeoliar  phenomena  known  as  the  colours  of  th 
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of  silvered  gkas  a  thin  beam  of  solar  light  passing  into 
ill  aperture  situated  at  the  centro  of  carratore  of  the 
aperture  a  series  of  coloured  rings  having  the  violet 
ours  of  thin  plates.    With  homogeneous  light,  the  rings 

dark.  Newton  found  by  meiwurpment— 1.  That  the 
Bgulated  by  the  same  laws  as  those  of  the  rinas  formed  by 

2.  When  different  kinds  of  homogeneous  light  are  em- 
eters  are  the  same  as  in  thin  pkt^s.  3.  The  diameters  of 
>f  equal  radius  and  different  thickness,  are  inversely  as 


gs  depends,  however,  on  a  condition  which  Newton  did 
«r  surface  of  the  mirror  must  not  be  quite  bright.    If 

and  carefully  cleansed,  the  rings  are  scarcely  visible ; 
le  dull  by  breathing  or  throwing  dust  upon  it,  or  by 
'  varnish,  or  of  water  whitened  with  a  little  milk,  which  is 
le  out  with  great  brightness.  If,  on  the  other  hand,  the 
3  back  of  the  mirror,  the  rings  become  very  faint,  and 
it  all  are  produced.  These  experiments  show  that  the 
;rfexence  of  rays  reflected  from  the  second  surface  of  the 
reflected  from  the  first  surface,  which  has  been  dulled. 
It  by  an  experiment  of  the  Due  de  Chaulnes,  who,  instead 
llic  mirror,  before  which  he  placed  a  piece  of  plate  ghiss 
amished,  or  a  plate  of  mica,  either  of  which  fulfilled  the 
rurface  of  the  glass  minor, 
arent  phite,  places  in  front  of  the  mirror  a  screen  pierced 

whatever^  but  small  enough  to  cause  both  the  incident 
^he  mirror  to  come  in  contact  with  its  edges.  Avtraight- 
f  the  mirror,  is  even  sufficient  to  produce  the  rings ;  but 
circumference  is  seen, 
d  light  may  be  viewed  directly  without  being  projected 

candle  in  the  centre  of  curvature  of  the  mirror  with 
mage  of  the  caddie  may  coincide  with  it,  and  places  the 
he  centre ;  beautiful  rings  are  then  seen  formed  in  the 
near  the  eye,  at  about  a  yard  from  a  plane  mirror  with 
andle  and  its  image  may  seem  to  coincide ;  he  thus  ob- 
is round  the  imase  of  the  candle.  Herschel  receives  a 
re  spherical  metaUic  mirror,  and  intercepts  the  refiected 
rming  a  cloud  of  dust  in  the  air  in  front  of  the  minor, 
isiderable  brightness. 

}  in  which  coloured  rings  and  fringes  may  be  formed  by 
ir,  for  the  description  of  these  and  for  the  more  detailed 
,  to  works  specially  devoted  to  light    (See  Daguin, 

nnpoflltlon  of  Colounu 

compound.  The  simple  coloiirs  are  those  of  a  pure 
fraction  through  a  pnsm,  or  by  diffi-action  through  a 
I  colours  are  produced  by  the  mixture  of  two  or  more  of 
instance  of  Newton's  rings,  or  the  fiingeA  produced  by 
s  may  be  similar  to  the  pure  colours  of  the  spectrum, 
lem  in  the  impression  which  they  produce  on  the  visual 
roduced  by  the  mixture  or  superposition  of  any  number 
tigated  by  one  of  the  following  methods: 
dances  in  fine  powder,  This  method,  however,  yields 
,  in  consequence  of  the  large  quantity  of  light  absorbed ; 
>m  the  surfaces  of  the  two  substances  are  mixed  with 
a  certain  depth,  and  have  been  there  reflected,  so  that 
ced  by  the  nuxture  of  the  rays  directly  reflected  frx>m 
irs  ansine  from  absorption. 

tper  certain  portions  of  a  revolving  disc,  tinted  with  the 
)),  the  colour  perceived  being  that  which  is  produced  by 
ig  spectral  colours. 

paper  with  the  colours  whose  composition  is  to  Le 
k  table,  setting  up  between  them  a  plate  of  unsilvered 
bat  the  image  of  one  of  them  seen  by  reflection  may 
her  seen  directly  through  the    glass   (Helmholtz). 

TT 
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Thu  and  the  second  method  are  preferable  to  the  lint,  the  oi 
ing  them  being  the  dexiation  of  the  artificial  coloors  from  the  p 
The  only  way  of  attaining  perfectly  accurate  results  is  to  ope 
of  the  spectmm  itself^  as  in  the  following  methods : 

4.  By  intercepting  some  of  the  coloiu«d  rays  as  they  erne 
bringing  the  rest  to  a  focus  by  an  achromatic  lens. 

6.  By  receiTing  the  rays  of  the  spectrum  on  a  row  of  plane : 

•4i^ted  so  as  to  reflect  any  required  rays  to  the  same  point  o 

6.  Helmholts's  method  (Ann.  Ch.  Phys.  [31  xzxyl  600). 

the  most  exact  of  all,  consists  in  yiewing,  througn  a  yertical  pri 

a*hf  forming  a  right  an{ 

Fig.  672.  clined  ^b^  to  the  edge 

^  ^  o  ^  being  placed  about  foi 

Vyi  ^V^Wk  jj/  and  in  the  position  ( 
J^M^  J^  spectra  r  v,  r'  v\  are  w 
>^a^^SyH^  *^^  °^  *  telescope,  the 
^  ^     d  if  be  distinguishcMi  parall 

spectra  are  partly  super] 
of  the  slits  must  be  such  that  each  coloured  band  oo  of  one 
the  coloured  bands  of  the  other. 

To  find  the  effect  produced  by  the  combination  of  two  ( 
directed  so  that  the  intersection  of  its  cross-wires  is  projecte<] 
be  examined,  and  the  eye  is  placed  behind  a  small  hole  in  a  s 
metres  from  the  telescope,  so  that  it  may  perceiye  only  a  yery 
point  of  intersection.  The  compound  tint  required  may  thu 
being  affected  by  the  neighbouring  colours.  By  then  ooyering 
siyely,  the  simple  colours  which  luye  produced  the  oombinatio 

In  order  to  yary  the  relatiye  quantities  of  light  in  the  comp 
was  inclined  in  such  a  manner  ss  to  bring  it  more  nearly  paral 
The  spectrum  of  this  slit  was  thereby  brought  nearer  to  the  i 
colours  were  more  condensed,  while  th^  contrary  effect  was  { 
the  other.  By  adding  a  third  slit,  the  effect  of  combining 
observed.    By  these  means  Helmholts  has  obtained  the  follow 

1.  The  compound  tint  formed  by  the  mixture  of  two  sim{ 
identical  with  a  simple  colour  of  the  spectrum,  but  in  many  c 
them  all :  for  example,  the  greenish-yellow  and  greenish-blue 
green  much  darker  than  that  of  the  spectrum.  This  last  gree 
and  red  of  the  spectrum,  cannot  be  imitated  exactly  by  th< 
colours.  2.  The  colour  produced  by  the  union  of  three  sim 
from  that  which  would  be  obtained  by  combining  one  of  them 
the  spectrum,  similar  to  that  which  results  from  the  oombiai 
For  instance,  the  red  and  bluish-preen  of  the  spectrum  fom  jN 
bluish-green  produced  by  the  union  of  green  and  indigo,  fom 
many  combinations  of  three  colours  which  form  whit^.  4.  W 
is  not  possible  to  obtain  satisfactory  imitations  of  all  the  coloi 
number  of  simple  colours  required  for  the  purpose  being  at  lea 
green,  blue^  and  violet  Hence,  according  to  Helmholtz,  the  tl 
colours  (p.  640)  does  not  rest  on  a  satis^actoiy  foundation  ;  a 
obtain  something  like  an  imitation  of  all  the  spectral  colours  I 
coloured  powders,  the  result  must  be  attributed  partly  to  th( 
the  colours  used,  partly  to  the  circumstance  that  the  resulting 
not  generally  been  directly  compared  with  the  colours  of  the  S] 
most  instances,  they  differ  considerably.  The  three  colours  hit 
blue,  ajidgelloWf  are  not  eyen  the  three  best  adapted  to  the  pur 
obtained  with  red,  green,  and  yiolet,  but  even  then  the  iraitati( 
For  the  contrary  results  obtained  by  Maxwell,  from  which  it  « 
whatever  may  be  produced  by  the  combination  of  three  priraar 

Complementary  colours, — This  name  was  applied  by  Newt 
which  by  their  mixture  produce  white  light ;  such  are  green  anc 
yeUow  and  ffialet. 

Every  colour,  whether  simple  or  compound,  has  its  complemc 
every  colour  has  an  infinity  of  complementary  colours,  inasmi 
colours  be  mixed  with  white  in  any  proportion,  the  two  wiU  st 
union.  ' 

Helmholti  has  made  some  remarkable  experiments  on  coi 
throwing  the  pure  spectrum,  formed  by  a  prism  and  achron 
pierced  with  two  nanroir  slita  parallel  to  the  edges  of  the  prisi 
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DOgeneous  coloured  pencils  thus 
:  brings  them  to  a  single  focus  on 
lis  mode  of  experimenting,  Helm- 
IT  groups  of  colours,  which,  when 
With  the  exception  of  pure  greei\ 
f  of  another  simple  colour. 
i  relatiTe  intensities  of  the  two 
lund  that  the  proportions  between 
white  li^ht  by  their  combination, 
ihL    This  is  shown  by  the  follow- 

Ratio  of  iotentiCy  of  the  woond 
colour  to  the  flrit 


Bright  light.  Faint  light. 

10  6 

4  3 

1  1 

0-44  0-44 


Bcted  conclusion  that  the  mixture 

98  white,  whereas  the  mixture  of 

;reen.   This  result  is  confirmed  by 

r  gamboge,  the  other  with  cobalt- 

with  Fiff.  673. 

od  3  o 

With  .<^iT^<r 

rine, 

blue,     ^/r 

cture 

Ml  at     i ''^^'-" i^ 


yonte 
was 
esult 
cum- 

rts  corresponding  with  the  seren 
othe numbers  J,  A,  A»i  ^  A* i 
ths  of  the  arcs  belonging  to  the 

.  64®  41'  3" 
.  34  10  38 
.     60      45     34 

;  ^,  6,  t,  V,  are  then  marked ;  and 
tlours,  forces  proportional  to  the 

to  be  applied  to  the  centres  of 
•plication  of  the  resultant  of  these 
t  of  the  arc  of  the  sector  in  which 
result  of  mixing  red,  blue,  and 

the  numbers  n,,  «»,  n,,  we  must 
Be  parallel  forces  proportional  to 
point  falls  at  n,  the  mixture  wiU 

nearer  to  the  limit  of  the  green 

is  to  the  centre  C,  the  more  will 
rides  exactly  with  C,  the  mixture 
B  are  combined  in  quantities  pro- 
ultant  being  then  applied  at  the 

)  colours  following  one  another  on 
rmediate  tint ;  an  exception  must 
ich  do  not  follow  one  another  in 
yield  that  third  by  their  mixture ; 
1  yield  yellow,  &c  Indigo  and 
>f  the  spectrum,  yield  a  reddish 

1  formula.    For  this  purpose  he 
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calealatM  the  co-ordinatM  of  the  centres  of  graTity  of  the 
abaeisflse  the  stnupiht  line  passing  through  &e  point  of  se 
sponding  to  the  Tiolet  and  red,  and  through  the  centre,  t 
ordinates ;  he  then  multiples  each  coordinate  by  the  numbc 
ing  colour  which  is  to  enter  into  the  compound,  divides  the  i 
sum  of  the  rays  which  are  to  be  compounded,  and  thus  obti 
point  of  application  of  the  resultant  Designating  the  num 
by  the  initial  letter  of  its  name,  these  co-ordinates  are : 

0-82284 (r  +  v)+  0207398 (o  +  i)  -  0-518992 ( 

0'4823C (r -  t>)  4- 0-963163 (o - 1)  •»•  081 
™  r-t-o+y +y-t- 6  +  t  +  t'. 

Thftse  co-ordinates  give  the  distance  D,  of  the  point  of  a 
from  the  centre  of  the  circle,  as  well  as  the  angle  a,  wli 
points  makes  with  the  axis  of  x :  for  tan  a  »T :  X ;  and  Y< 

The  Talue  of  a  shows  in  which  particular  sector  the  pomt  < 
ratio  D  :  1  —  D  shows  the  proportion  of  fdmple  light  and 
resulting  colour. 

The  preceding  method  was  given  by  Kewton  as  an  em] 
the  resiuts  which  he  obtained  by  forming  compound  colours  o 
of  simple  li^ht  at  the  focus  of  a  lens.  It  cannot  be  rega 
approximation,  and  is,  indeed,  less  exact  than  Newton  si 
example,  that  the  mixture  of  blue  and  yellow  rays  may  prod 

A  more  satisfactory  method  of  calculating  the  oompositio 
by  Maxwell  (PhiL  Mag.  [4]  xiv.  40 ;  Proc,  Roy.  Soc.  x. 
tions  it  appears  that  the  colours  of  the  spectrum,  as  laid  d 
method  from  actual  observation,  lie,  not  in  the  drcumfen 
periphery  of  a  triangle,  showing  that  all  the  colours  of  the  i 
caUy  represented  by  three,  which  form  the  angles  of  the  t 
and  positions  in  the  spectrum  of  these  three  primary  coloui 

Wnve-lniftht  In  mlllionthc  c 
Scarlet  .  2328 — about  one-third  from 
Ghreen  .  1914 — about  one-quarter  fro 
Blue  .        .        1717— about  half-way  from 

This  form  of  the  diagram  of  colour,  as  perceived  bv  the  I 
with  Toung^s  theoir  of  three  primari/  sensations  of  colour,  w 
proportions,  when  different  kmds  of  light  enter  the  eye.  A 
threefold  character  of  colour,  as  perceived  by  us,  ia  due,  not 
of  light)  but  to  the  constitution  of  the  visual  apparatus,  n 
being  affected  in  three  different  ways,  the  relative  amoui 
determined  by  the  nature  of  the  incident  light.  If  we  c 
corresponding  to  the  three  primary  sensations,  each  colour 
of  these  sensations,  then,  since  all  other  colours  whatever  ] 
primary  sensation,  they  must  find  their  places  in  Newton's  < 
of  which  the  three  primary  colours  form  the  angles. 

If  this  theory  be  true,  the  complete  diagram  of  all  o 
human  eye,  will  have  the  form  of  a  triangle.  The  colours  c 
rap  of  the  spectrum  must  all  lie  within  this  triangle,  and 
mixtures  of  these,  must  lie  within  the  line  formed  by  the  sp 
colours  correspond  with  the  three  primary  sensations^  they 
of  the  triangle,  and  all  the  others  will  be  within  the  triangl 

The  other  colours  of  the  spectrum,  though  excited  by  i 
compound  colours :  because  the  lights  though  simple,  has  tl 
more  colour-sensations  in  different  proportions — as,  for  i 
though  not  compounded  of  the  blue  rays  and  green  rays, 
pounded  of  those  of  blue  and  green.    . 

The  three  colours  found  by  experiment  to  form  the  three 
Newton's  diagram,  mat/  correspond  with  the  three  primary  i 

A  different  geometrical  representation  of  the  z^ations 
scribed : — Take  any  point  not  in  the  plane  of  Newton's  d 
this  point  as  origin  through  the  point  representins  a  givi 
produce  it,  so  that  the  length  of  the  line  may  be  to  we  part 
intensity  of  any  given  colour  is  to  that  of  the  correspt 
diagram.  In  this  way,  any  colour  may  be  represented  by  a 
whose  direction  indicates  the  quality  of  the  colour,  and 
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»f  two  eoloun  is  re] 
les  representing  the  i 
origin  through  the  po 
98  of  oo-ordinatea,  a: 
of  each  of  the  three 
ed  by  three  dimensic 
J  wmch  the  precedic 
»f  the  spectnim,  and 
brightness  with  a  coi 
\  quantity  of  each  re 
es  of  two  of  these,  coi 
e  then  determined.  A 
urth  colour,  whence 
dards,  may  be  hud  d 
the  experiment  consi 
p,  joined  to  another 
rrow  slit  at  the  end 
¥0  prisms  in  suooessi 
Here  there  is  plao 
ired  in  breadth  and  p 
breadth  ascertained  1 

I  at  the  shorter  end, 
hen  white  light  is  ad 
a  is  seen  by  an  eye  p 
ht  employed  is  that  oi 
m's  light  in  the  ope 
rhere  the  observer  sit 
white  light  goes  do? 
\  sui&ce  of  olackenc 
th  the  compound  ligl 

dtering  the  breadth  < 

colour  and  in  brig 
were  found  by  two  < 
JUTS  to  lie  very  close 
i  forming  doubtful  fri 
reen  these  sixteen  o 
tions  of  these  colours 

into  the  shorter  an 
1  the  former  experii 
position  of  the  fixed 
le  waye-lengths  of  ea 
n  of  air  too  thick  t4 
dbited  a  series  of  d 
9  waye-lengths  corr« 
ion ;  and  by  countii 
have  been  determini 
he  bands  may  be  ca 
ths  become  known  al 

the  colours  compai 
r  rendered  compambl 

by  Maxwell  for  con 
inning-top,  having  il 
cle  being  further  di 
papers.  When  the  i 
,  and  the  proportiom 
es  that  produced  by  i 
asured  by  a  graduati 

u — ^The  terms  emplo; 
siy  indefinite^  being 
8  from  the  names  o\ 
nd  from  various  otl 
Ally  distinguished  hy 
i  resemble:  thus  bli 
[idigo-  and  sky-blue 
grass,  aspATHpis,  oliv 
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wfoM  of  iranMorent  mdia,- , 

>f  glass  (not  silyered,  bat  blackeni 


Fig.eii. 


ess 


ft  raj  of  light  AC 
at  the  lower  surface) 


with  the  normal  PC,  or  36J®  with  the  reflecting  surface. 
le  direction  CD,  making  an  angle  PCD  =  ACP,  and  in 
Now  suppose  the  reflected  ray  to  fall  upon  a  second 
angle  of  54^°  with  the  normal.  If,  then,  the  second 
ane  of  reflection  is  parallel  to  the  plane  of  reflection  fr<2m 
figure),  then  the  ray  will  be  reflected  from  the  second 
St  as  if  it  proceeded  directly  from  a  luminous  source,  and 
flection ;  but  if  the  second  mirror  be  so  adjusted  that  its 
ular  to  that  of  the  first  (see  right-hand  figure),  then  the 
m  it  at  all,  or  at  least  the  intensity  of  the  reflected  beam 
In  intermediate  positions,  still  at  the  same  angle  of  inci- 
iially  reflected,  tne  quantity  of  light  in  the  reflected  ray 
J  of  reflection  of  the  two  mirrors  are  more  nearly  parallel, 
n  glass  at  an  angle  of  54^^,  appears  then  to  exhibit  dif- 
the  direction  in  which  it  is  a  second  time  reflected,  being 
egrees  at  different  azimuths ;  it  is  therefore  polarised, 
sed  ray  is  most  easily  reflected  is  called  the  plane  of 
rith  the  plane  of  reflection  (or  of  incidence), 
e  polarising  angle 

I  there  is  a  particular  'V-  ®< <>• 

ide  of  which  depends 
:he  medium,  according 
red  by  Brewster:  The 
\)  is  that  for  which  the 
ictUar  to  the  reflected 
he  index  of  refraction, 

e  angle  ACP  =  BCP 

)endicular  to  CD,  and 
rc=90°-e;  therefore, 

to  say,  the  polarising 

it  is  equal  to  the  index  of  refraction, 

B  the  polarising  angles  of  a  few  transparent  substances, 

titions  of  Biot  and  Arago : — 


•ing  angle. 

Kameofiubttance. 

PoUriaiog  angle. 

^ 

Measured 

from 
surface. 

Measured 

tram 
normal. 

Measured 

from 
surface. 

y 

36°  10' 

Topaz      . 
Ic*^land  spar     . 

58°  40' 

310  20' 

37     15 

58    23 

31     37 

35     25 
33     57 

Spinel  ruby 
Zircon 

*60    16 
*63    08 

29     44 
26     52 

; 

33     %2 
33     25 
33     38 

Sulphur  (native) 
Antimony-glass 
Chromate  of  lead      . 

*64    10 
•64    45 
»67    42 

25     50 
55     15 
22     18 

) 

32       0 

Diamond . 

«68    02 

21     68 
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There  are  but  few  fubstanees  capable  of  completely  polariamg 
ffener^y  speaking  the  polarising  power  is  least  in  those  media 
indices  of  refraction.  According  to  Brewster,  it  is  only  those  i 
index  is  less  than  1*7,  which  are  capable  of  polarising  complete! 
marked  with  an  asterisk  in  the  preceding  table.  Bnt  even  wh« 
1*7,  the  polarisation  is  never  complete,  if  the  beam  of  light  is  bri 
stances  which  reflect  but  little  li^ht^  polarise  a  large  proportio 
clean  and  polished  surface,  polarise  scarcely  at  all.  In  all  esse 
law  applies  to  the  incidence  at  which  the  rdSected  beam  containi 
of  pokrised  light 

As  the  sereral  coloured  rays  haTe  different  indices  of  refiw 
only  homogeneous  li^ht  can  be  completely  polarised  by  reflection 
nary  gas  or  candle  hght,  can  never  be  made  to  disappear  con 
above  described.  In  faet,  with  media  of  high  dispersive  powe 
diamond,  chromate  of  lead,  or  specular  iron,  all  the  colours  of 
successively  brought  into  view  by  sli^tly  altering  the  indini 
surface  in  the  vicinity  of  the  polarising  angle,  mth  glass  ai 
anffles  of  polarisation  for  the  extreme  ra^  of  the  spectrum  do  n 
la  or  20,  the  colours  are  less  perceptible;  nevertheless  the  1 
entirely,  and  always  exhibits  a  slight  coloration  after  the  second 

Light  is  more  or  less  polarised  by  reflection  at  all  angles  o 
perpendicular  incidence,  the  proportion  of  polarised  light  in  th 
greater  as  the  angle  of  incidence  differs  less  from  the  polaiisinj 
Brewster^s  law. 

If  a  ray,  partially  polarised  bv  reflection  at  any  angle  difiM 
angle,  be  again  reflected  from  the  same  medium  at  &e  same  a 
polarised  light  in  it  will  be  increased ;  and  by  a  number  of  sue 
ray  may  be  brought  indefinitely  near  to  the  state  of  complete  po 
of  reflections  required  for  the  purpose  being  less  as  the  angle  o 
from  the  polarising  angle. 

2.  By  ordinary  Refraction, — ^When  light  passes  from  one  med 
fhicted  ray  is  polarised  as  well  as  the  reflected  ray,  its  plane 
perpendicular  to  the  plane  of  refraction,  or  of  incidence,  and, 
plane  of  polarisation  of  the  reflected  ray.  The  refracted  ray  wil 
from  a  surfEice  of  ghiss  at  an  angle  of  644®,  just  under  the  drcui 
ray  polarised  by  reflection  would  not  flight,  however,  is  nerei 
by  one  refraction ;  but  the  proportion  of  po&rised  light  in  the  rei 
as  the  angle  of  incidence  is  nearer  to  the  polarising  angle ;  aiv 
tions  through  a  number  of  sur&ces  of  glass,  or  other  mediii] 
within  any  assigned  limit  of  complete  polarisation.  A  bundle 
or  mica,  bound  together  in  a  frame,  forms  a  very  convenient  ap 
light,  whether  by  refraction  or  by  reflection. 

8.  By  Double  Refraction. — All  crystalline  bodies  not  belo 
system,  possess  the  power  of  double  refraction;  that  is  t 
entering  such  a  medium  is  split  up  into  two  rays  of  equal  intensi 
crystal  m  different  directions.  In  all  such  media,  however,  then 
directions  in  which  double  refraction  does  not  take  place,  and 
the  opticaxesof  the  crystal  Transparent  calcspar,  or  Ireland  e 
in  rhombohedrons,  and  exhibits  double  refraction  more  distinctl 
stance,  is  a  crystal  with  one  optic  axis,  the  direction  of  that  axii 
line  joining  the  obtuse  summits  of  the  rhomb.  A  ray  traven 
direction  parallel  to  this  axis  is  not  divided  into  two ;  but  in  all 
ray  is  doubly  refracted ;  and  the  two  rays  into  which  it  is  tl 
«5ompletely  polarised,  the  plane  of  polarisation  of  the  one  being  pa 
aection  of  tne  aystal,  that  is  to  say,  a  plane  passing  through  1 
direction  in  whi<4  the  ray  traverses  the  crystal ;  the  other  in  a 
«o  that  section.  The  ray  which  is  polarised  in  the  principal  sectio 
laws  of  refraction,  remaining  always  in  the  plane  of  incidence,  ai 
eidences  a  constant  index  of  refraction ;  but  the  ray  polarised  ] 
principal  sectbn  follows  different  laws  of  refraction,  its  direotic 
within  the  plane  of  incidence,  unless  that  plane  coincides  with  < 
the  principal  section,  and  its  index  of  refraction,  excepting  in  th 
varying  continually  with  the  angle  of  incidence.  The  former  o: 
the  ordinary,  the  latter  the  extraordinary  ray.  The  mode  of  w 
will  be  more  f^lly  explained  hereafter. 

When  these  two  oppositdy  polarised  rays,  which  have  traverm 
spar,  fall  on  a  plate  of  gUss  at  the  angle  of  54|^,  so  placed  that  t 
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m  of  the  crystal,  the  ordinary  ray  is  reflected,  and  the 
ntraiy  effect  taking  place  when  thpse  planes  are  at 
en  the  plane  of  i^^ection  ia  inclined  to  the  principal 
and  90^  both  rays  are  reflected,  but  with  different 

emerging  from  the  crystal,  will  overlap  each  other,  or 
Lccormng  to  their  breadth  and  the  thickness  of  the 
desired  to  examine  only  one  of  them,  it  is  most  con- 
letely  ont  of  the  field  of  view.    This  may  be  effected 

atos  for  this  purpose,  called  a  Nichors  prism,  con- 
f  calcspar  C/Ur.  676),  ABCD, 
1  Canada  balsam  at  the  faces  Fig.  676. 

It  so  as  to  make  an  angle  of 
BF  of  the  natural  crystal  (the 
f  71®  with  the  obtuse  edges), 
icnlar  to  AB  and  £F.  With 
at  of  the  two  rays,  no,  ne^  into 
rided,  the  ordinary  ray,  no,  on 
%  balsam  (whose  index  of  re- 
;he  ordinary,  and  greater  than 
suffers  total  reflection  in  the 
iinaiy  ray  passes  on  in  the  di- 
orallel  to  mn.  An  eye  placed 
mage,  ris.  that  formed  by  the 
Bam  of  ordinary  light  passing 
a  plane  perpendicular  to  the 
,  to  the  shorter  diagonal  of  the 
ray,  already  ^larised,  will  be 
e  of  polarisation  is  parallel  to 
1  it  when  the 

licular  to  ab^  Fig.  677. 
b1c<2.  Hence, 
I  one  behind 
»paque  when 
right  angles 
ent  when  the 
and  transmit 
'  in  interme- 

iouble-refracting  crystals,  espe- 

:he  power  of  transmitting  light  onl^  when  polarised  in  a 

to  their  optic  axes.  The  tourmaline  forms  crystjils  be- 
m,  having  one  optic  axis  parallel  to  the  axis  of  figure^ 
en  polarise!  in  a  plane  perpendicular  to  the  optic  axi& 
larised  by  reflection  from  glass  at  the  angle  of  64 J°,  is 
rmaliue  cut  with  ita  faces  parallel  to  the  optic  axis, 
th  its  optic  axis  perpendicular  to  the  plane  of  reflec- 
1  it  as  freely  as  ita  colour  will  permit ;  but  if  the  tour- 
parallel  to  the  plane  of  reflection,  the  reflected  rays 
A  no  light  will  pass.  If  the  tourmaline  be  gradually 
)6ition  to  the  second,  the  quantity  of  light  which  passes 
rease,  because  the  polarised  ray  is  then  divided  by  the 
krised  at  ri^ht  angles  to  the  axis,  the  other  parallel 
former  contmually  decreasing,  and  thai  of  the  latter 
is  turned  round.  When  a  ray  of  ordinary  light  is 
oe  plate  of  a  certain  thickness,  cut  as  above  described, 
ther  double-refracting  crystals ;  but  the  ordinary  ray  ie 
the  extraordinary  ray  passes  through,  so  that  the  emer- 
ed  in  a  plane  perpenoicular  to  the  axis  of  the  tourmaline. 
[)urmaline  be  superposed,  and  the  light  of  the  sky  be 
'  the  two  be  placed  with  their  optic  axes  pamllel,  the 
s  freely  as  their  colour  and  imperfect  transparency  will 
alines  be  then  turned  round,  the  quantity  of  light  trans* 
»  deviate  more  and  more  from  parallelism,  and  at  last^ 

another  at  right  angles,  the  hght  will  be  completely 
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Two  such  touzmaliDes  mounted  with  th 
pennit  one  of  them  to  rerolTe  in  the  plan 
table  apparatus  for  experiments  on  polari 
eonyement  for  exainining  light  polarised 
tion  to  the  toormaline  is  its  colour,  the  1 
brown  colour,  which  greatly  modifies  the 
in  order  that  the  tourmaline  may  polariw 
least  the  tenth  of  an  inch. 

There  are  a  few  other  double  refractii 
particular  the  so-sailed  "  sulphate  of  iodo- 
substance  crystallises  in  thin  six-  or  ei^ 
nearly  colourless  by  transmitted  li^ht  wli 
are  superposed,  with  their  longer  dimensi 
part  wnere  they  cross  appears  quite  black, 
exceed  ^  of  a  millimetre.  The  crystals 
the  same  manner  as  tourmalines,  and  are 
ffreater  transparency  and  freedom  from  0( 
difficult  to  manipulate  with  them. 

The  best  substitute  for  a  tourmaline  i 
calcspar  crystals  being  perfectly  colourle 
light  than  two  superposed  tourmalines. 

All  arrangements  for  examining  the  pr 
of  two  parts;  tiz.,  the  polariser,  by  wl 
state,  and  the  analyser,  by  which  its 
examined ;  thus,  when  a  ray  is  reflected  f 
the  reflected  beam  examined  by  a  tourmi 
is  the  polariser,  and  the  tourmaline  the 
apparatus  above  described,  namely  a  reflc 
a  tourmaline,  or  a  Nichors  prism,  may  b€ 

VatoM  of  FolAiiaed  Ugbt.— The 
on  different  sides  was  regarded  by  Newt 
theory  of  light,  on  the  ground  that  pressu 
in  an  elastic  medium  ought  to  be  equal  i 
to  admit  his  inability  to  account  for  the  e 
theory  as  then  understood.  The  reason  < 
to  explain  the  phenomena  of  polarisation, 
ing,  the  vibratory  movements  of  the  eth< 
direction  of  propagation  of  the  waves,  ai 
ceive  of  rays  of  light,  any  more  than  raj 
different  sides.  But  later  experimental  n 
on  the  principles  of  analytical  mechanics^ 
niferous  ether  take  place  in  planes  tang 
the  direction  of  the  ray.  From  this  po 
and  polarised  light  is  easily  explainecL 
the  vibrations  take  place  in  all  directions 
poLirised  ray  is  one  in  which  the  vibrat; 
confined  to  one  plane.  Suppose,  for  exan 
that  of  the  wave> surface  horizontal;  thi 
vibration  of  all  the  particles  will  be  eit 
some  one  intermediate  azimuth ;  and  ii 
place  in  all  these  directions  successively. 

This  view  of  the  nature  of  polarised 
Fresnel  and  Arago  on  the  interference  of 
that  tu>o  rays  whose  planes  of  polarisation 
just  like  unpolarised  rays :  but  two  rays  i 
to  one  another  do  not  exhibit  any  phenc 
difference  of  phase.  These  results  are  easi 
to  the  direction  of  the  ray ;  for  if  th< 
directions  parallel  to  each  other,  the  re 
of  their  individual  movements,  as  explaii 
that  is  to  say,  the  rays  will  destroy  each  < 
but  if  their  vibrations  are  performed  in 
there  will  be,  at  every  point,  a  finite  resi 
hj  the  rule  of  the  pa^lelogram  of  velo 
Hence,  two  rays  whose  planes  of  polarisai 
to  produce  complete  darkness ;  and  if  th 
thej  cannot  interfere  at  all.     If,  on  the 
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Is  impoasible  to  oonceiTe  any  conditions  which 

with  one  another,  and  producing  darimess  when 
1  difference  of  phasa 

;he  interference  of  polarised  rays  does  depend,  as 
irisation,  are  the  following : 
»  narrow  parallel  slits  very  close  together,  as  in 
is  polarised  by  covering  the  slits  with  two  pieces 
parallel  to  the  axis,  which  polarises  the  light  in  a 
the  two  tourmaline  pUites  hare  their  axes  parallel 
;ht  interfero  and  produce  fringes,  just  as  if  the 
ley  are  placed  with  their  axes  at  right  angles  to 
r.  In  intermediate  positions  of  the  tourmalines 
le  angle  between  the  axes  approaches  more  nearly 
Lines,  two  small  bundles  of  mica-plates  may  be 
inclined  to  the  direction  of  the  rays,  which  aro 
ly  polarised  in  a  plane  perpendicular  to  the  plane 
appear  when  the  bundles  of  plates  are  so  placed 
it  right  angles  to  each  other. 

two  fraffments  of  the  same  plate  of  calcspar  or 
axis.  &ch  plate  then  gires  an  ordinary  and  an 
>larisation  aro  at  ri^ht  angles  to  one  another.  If 
irallel,  the  two  ordinair  rays  which  emerge  from 

were  unpolarised ;  so  likewise  do  the  two  extm- 
s  of  frinffes  are  superposed.  If  now  one  of  the 
ed  round  in  the  plane  parallel  to  its  axis,  the 

axes  of  the  two  pUites  are  at  right  angles  to  one 
ether,  and  give  place  to  uniform  light  At  the 
>f  fringes  make  their  appearance  on  the  sides, 
if  the  ordinary  rays  proceeding  from  one  of  the 
3m  the  other ;  they  are  shifted  to  the  sides  on 
f  the  ordinary  and  extraordinary  rays  within  the 

two  plates  remain  parallel,  the  ordinary  ray  of 

the  other  aro  polarised  in  planes  at  risht  angles 
»  are  not  produced ;  but  on  inclining  uie  axes  to 
ppear,  becoming  more  and  more  bnlUant  as  the 
id  attaining  their  greatest  brightness  when  the 

s  a  hair,  is  placed  in  the  path  of  the  two  rays 

r,  placed  before  the  focus  of  a  lens,  no  fHnees  are 

By  would  be  by  ordinary  light,  because  the  two 

angles  to  one  another. 

:  (p.  699),  the  rays  are  polarised  by  reflection  in 

Qug  (p.  602),  the  rays  originating  from  the  same 

IS  at  each  instant  parallel  to  one  another,  so  that 

berference. 

hen  that  the  ribrations  of  the  ether  are  parallel 

ilarised  ray  they  take  place,  for  the  most  part,  in 

Moreover,  the  vibratory  movements  are  pcrpen- 
For  when  a  beam  of  light  passes  through  a  crystal 
'.  the  ordinary  ray  is  polarised  in  a  plane  parallel 
d ;  that  is  to  say,  it  is  most  easily  reflected  in  a 
I).  Now  as  this  ray  follows  the  ordinary  law  of 
constant  velocity  whatever  direction  it  may  take 
>f  the  ether  which  form  it  must  have  a  constant 
the  crystal ;  and  as  they  aro  perpendicular  to  the 
h  the  axis,  they  could  not  form  a  constant  angle 
[so  perpendicular  to  that  axis.  The  vibratory 
7  ray  are  therefore  perpendicular,  both  to  the 
efore  to  the  principal  section,  which  is  the  plane 
if  and  in  this  case  is  identical  with  the  plane  of 

all  polarised  rays  possens  the  same  properties, 
)ws  tnat  the  vibrations  of  the  ether  are  always  at 
on. 
firom  the  properties  of  the  tourmaline,  which,  as 

the  ordinary  ray.  Now  it  is  found  that  a  plate 
the  optic  axis,  intercepts  all  the  light  which  falls 
rhich  shows  that  all  vibrations  perpendicular  to 
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the  axis  are  arrested  by  it  But  when  the  my  pasties  thiouj 
cat  parallel  to  the  axis,  only  the  ordinary  ray  is  intercepte( 
pA.^f*ing  through.  The  vibrations  of  the  ordinary  ray  most  tfa 
to  the  axis,  and  consequently  to  the  principal  section  of  the  < 
the  ray  is  polarised. 

From  this  direction  of  the  vibratory  movements,  it  folio wi 
most  easily  reflected  when  its  vibrations  are  parallel  to  the  r 
the  contrary,  that  it  is  most  easily  transmitted  through  a 
Tibrations  take  place  in  the  plane  of  incidence  or  at  right  angles 
the  ray  passes  most  completely  through  a  tourmaline  cut  para 
vibrations  are  parallel  to  this  axis.  The  tourmaline  acts  1 
which  gives  free  passage  to  a  surface,  such  as  a  knife-blade, 
stops  it  when  presented  transversely. 

The  form  bf  the  curve  which  the  ether-molecules  describe  ii 
to  the  direction  of  the  ray — ^for  example,  in  the  row  a  a'  (f 

*••••,  ^  •«  motion    of 

♦  •••^**»7»*,  wazds  and 

*••••.'••••••  line,  tfie  ra; 

•  .  •   -  •  nearly   p 

*  ^      m     *— •— r ,  •  kT  polarised 

.•••••.••••       .  fng  througl 

»••••,*••••.  to    the    d 

*,••••       •••••       ,  particlee  v: 

5  ^••♦••**  polarisat 

w  particles 

the  straight  line  which  is  the  direction  of  the  ra^,  appea 
arranged  in  the  wave-line  aeb.  If  each  of  the  vibrating  partic 
direction  of  itA  velocity  will  change  from  0°  to  180®  while  t 
through  the  space  of  half  an  undulation,  and  to  360^  in  th 
lation :  hence,  a  series  of  particles  in  all  phases  of  vdocity 
tremity  of  the  wave  to  the  other,  will  be  situated  on  a  screw- 
of  the  ray  for  its  axis.  The  ray  is  then  circularly  polarii 
according  as  the  direction  of  revolution  of  the  ether-moleci 
centre  of  the  circle,  or  the  axis  of  the  screw,  is  like  that  of  th 
contrary.  The  result  is  the  same  as  if  the  rav  were  polarisi 
plane  revolved,  making  a  complete  revolution  during  the  tiin< 
If  each  of  the  vibrating  particles  describes  an  eUipse,  the 
be  conceived  as  arranged  on  an  elliptical  screw-line.  In  th 
state  of  polarisation  of  the  ray,  it  is  necessary  to  specify,  n< 
mf^or  and  minor  axes  of  the  ellipse,  but  likewise  the  position  < 
determined,  for  example,  by  a  system  of  rectangular  oo-ordii 
with  the  ray,  while  tne  other  two  are  drawn  at  right  ang 
plane  of  vibration  of  the  ether-molecules.  The  direction  of  t 
stated  as  in  the  case  of  circular  polarisation. 

A  circularly  polarised  ray  examined  by  an  analyser  ex 
in  all  azimuths,  just  like  natural  light,  but  is  distinguished 
coloured  when  viewed  through  the  analyser,  after  passing  th: 
double  refracting  crystal  (p.  671).  An  elliptically  polarii 
mum  and  minimum  of  intensity  in  two  positions  of  Uie  analys 
other,  but  is  never  completely  extinguished  like  a  plane-polai 
coloured  by  transmission  through  a  double-refracting  film.  1 
both  to  circularly  and  to  elliptically  polarised  light,  differ  fron 
similar  circumstances  by  plane-polansed  light 

To  understand  the  manner  in  which  these  different  states  c 
necessary  to  take  account  of  the  movement  impressed  upon  th 
when  they  transmit  several  systems  of  waves  at  once,  th 
compounded  according  to  the  principle  of  the  parallelogran 
composition  is  effected  by  construction  or  by  calculation,  it 
lengths  of  the  component  waves  are  equal  (the  only  case  that 
the  waves  of  the  resulting  system  always  have  the  same  leni 
produced  can  affect  only  ue  amplitude  of  vibration  and  the  sti 
1 .  When  the  two  rat/a  are  pof^rised  in  the  same  plane. — In 
of  the  resultant  wave  is  equal  to  the  sum  or  difference  oi 
according  as  the  two  rays  are  in  corresponding  or  in  oppoeit« 
in  exactly  opposite  phases,  and  of  equal  amplitude,  thoy  dest 
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The  cue  is,  in  fact,  that  alreadj  considered  under 

ted  at  right  angles  to  each  other^-^Jn  this  case,  the 

DS  take  place  in  planes  at  right  angles  to  one 

ig  system  cannot  be  rectilinear^  polarised,  unless 

>  component  waye-systems  is  either  nothing  or  an 

L  If  we  imagine  two  rays  travelling  at  right  angles 

King  through  the  point  A  {Jig,  678)|  the  TibrHtiont 

the  one  system 

1  those  of  the  Fig.  678. 

I  the  waves  af- 

md  with  equal 

make  an  angle 

it  wave.    Tne 

en  45^,  reckon- 

nd,  the  second 

i  or  behind  the 

ith  its  negative 

lat  the  positive 

[instoact  The 

always  reckon- 

the  two  wave- 
a  wave-length, 

particle  A,  just  as  the  vibration  imparted  to  it 
b  to  n,  and  it  is  about  to  return  towards  A:  it 
nnent  round  the  point  A.  The  ray  is  therefore 
ft,  according  as  the  system  Ant  is  before  or  behind 
indulation.  If  the  amplitudes  of  the  two  systems 
mountinjg  to  a  quarter  of  a  wave-length  will  produce 
>f  polarisation  is  likewise  produced  with  any  other 

It .  ^  K  whether  the  amplitudes  are  equal  or  unequal 

in  planes  making  an  oblique  angle  with  one  another, 

« .  r  produces  rectilinear  or  plane  polarisation,  while 

ptical  polarisation. 

Qsiderations,  that  elliptical  polarisation  is  the  usual 

nd  rectilinear  polarisation  being  merely  particular 

a^  to  fall  on  the  separating  surface  of  two  trani pa- 
eing  inclined  to  the  plane  of  incidence  at  an  angle 
in  be  regarded  as  resolved  into  a  component  (P) 
B,  and  another  {R)  vibrating  at  right  angles  to  that 
will  be  weakened  by  reflection  in  unequal  degrees, 
isured  from  the  uormalV,  the  two  components  of  the 
;  but  firom  90°  to  0°  the  intensity  of  B  continually 
ough  it  likewise  diminishes  for  a  certain  distance 
nimum  value  at  a  certain  angle  of  incidence,  whose 
re  index,  and  increases  again  from  that  point  up  to 

Iso  from  non-  metallic  sub8t4inces  of  high  refractive 

s  a  considerable  value ;  but  in  the  case  of  media  of 

',  such  as  water  and  glass,  it  very  nearly  vanishes  at 
i.  Moreover,  as  the  variously  directed  vibrations  of 
be  resolved  into  the  two  principal  components  above 

limiting  angle,  the  vibrations  of  the  ray  (if  mono- 
be  reduced  to  one  plane — namely,  a  plane  perpen- 
;  in  other  words,  the  ray,  after  reflection,  will  be 
3,  in  the  plane  of  incidence.  The  limiting  angle 
x>larising  angle  (p.  653).  It  is  clear  also  that  if  tJie 
x)nd  mirror  at  the  same  angle,  and  this  mirror  is  so 
polarised  ray  are  parallel  to  its  pkne  of  incidence, 

from  it ;  but  that^  if  the  second  reflector  be  turned 
emaining  at  the  same  angle  to  the  ray,  the  quantity 
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through  /  at  right  angles  to  the  plane  of  1 
planes  to  paos  touching  the  sphere  in  A,  1 


Fi^.tS2. 


(E).    In  calcspar,  and  all  other  negatire  cr 

ray. 

If  the  plane  of  inddenee  neither  ooincid 

ceding  example,  nor  is  peipendicolar  thereto, 
Fiff,  683.  the  ellipse  wil 

plane  of  indd 
from  the  plan 
ordinary  refri 
traordinaiy  n 
nary  ray,  and 

!  repelled  from 
calledrepnls 
in  which  the 
the  ordinary  ] 
The  optical 
exactly  simila: 
that,  as  the  eL 
direction  of  tl 
this  direction : 
ordinary  ray  e 
shown  in  section  in  /iff.  688.    The  ray  £  in 
— is  more  strongly  refracted  than  0. 
The  following  is  a  list  of  the  most  importai 


Positive  or  Attrik 

Zircon. 
Quartz. 

Apophyllite. 
Sulphate  of  pot 

TungsUteofrinc 

iron. 

Stannite. 

Add  acetate  of 

Boradte. 

calcium. 

Veffative  or  Bepul 

Iceland  spar. 

Idocrase. 

Garhonate  of  calcium  and 

Wemerite. 

magnesium. 

Mica. 

Carbonate  of  caldum  and 

Phosphate  of] 

iron. 

Arsenio-phosp 

Tourmaline. 

Hydrate  of  8tr< 

Rubellite. 

Arsenate  of  po 

Corundum. 

Chloride  of  ca] 

Sapphire. 

Chloride  of  sti 

Ruby. 

Basic  phospha 

Beryl. 

sinnL 
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' :   DOUBLE  REFRACT] 

given  of  double  refriction  in  nni 
I  duumcteriaation  of  such  a  bodj 
168  of  light  thnrein,  or — which  ooi 
the  two  oppositely  polarised  r 
]ar  to  the  axis.  To  find  these  i 
bnn  of  a  prism,  with  its  refract 
>grftphic)  axis,  and  the  least  de 
ixkd  extraordinary  image  measurec 
found  are,  of  course,  true  only  for 
ired.  Change  of  temperature likf>T 
rystals  in  a  peculiar  manner,  becai 
I  the  direction  of  the  optic  axis, 
lat  axis.  Calcspar,  for  pxampli*,  < 
ibtuse  summita  of  the  rhombohed 
lombohedron  at  the  same  time  ap] 
action  perceptibly  diminishes,  o 
E  and  0  approach  more  nearly  t 
refraction  of  Fraunhofer^s  seven 
images  of  calcspar  and  rock-cry 
by  dianse  of  temperature,  have  b 
291).  Double  refraction  is  frvy^ 
•urea  rays.  In  apophyllite,  indo 
litively  double-refracting  for  the 
g  for  an  intermediate  ray. 

axes. — In  all  crystals  belonging  U 
linic,  diclinic,  and  triclinic, 
ray  of  light  may  pass  withou 
ed  bi-  or  di-axiaL  The  so 
)it  are  also  completely  explained  1 

in  these  crystals  is  of  unequal  m 
>ther  (the  three  axes  of  elasticity), 
le  middle  6",  and  of  the  least  (^,  t 
il  in  all  directions,  proportional  tc 
y  in  these  several  directionii,  the 
led  the  surface  of  elasticity 
» to  one  another;  and  if  plane  ws 
irface  in  all  possible  directions,  a 
mt  the  surface  of  elasticity  in  a  c 
surface  are  very  quickly  resolved 
9  of  the  plane  section,  which  ai 
rided  into  two  which  trayel  onwai 
B,  proportional  to  the  square  i 
i  the  direction  of  those  aiamet< 

in  motion  at  once,  they  will,  aft 
xial  media. 

actions  of  the  wave-surface  euttii 
icular  to  the  plane  of  the  figure, 

a  circle ;  the  horizontal  section, 
iane  of  the  paper  consists  of  an  el 
■e  represented  separately  in  fig.  6 
i  vibrations  are  perpendicular  to  t 
1  of  an  axis  of  elasticity :  such  ra; 
ler  hand,  gives  the  velocity  of  tn 
>ns  are  parallel  to  the  plane  of  the 
9  indices  of  m«  f^i  h"  of  a  biaxial  c: 
ig  angles  respedively  parallel  to 
ation  of  the  seven  principal  rays 

0  coloured  images,  whose  plane  o 
le.  This  measurement  has  been  ' 
and  topaz.    Both  the  refractive 

1  temperature  in  biaxial  as  well  as 

express  the  strength  of  the  doul 

the  less  to  the  more  refrangible  i 
elasticity  have  the  same  direction 
di-,  and  tri-elinic  systems  appes 
UU 
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«  peiceptible  only  when  the  ungonite  plate  has  a 
re. 

centra  to  the  surface  of  the  waTe,  €.g.  MT  or  MQ»  cuts 
eponding  to  the  two  zays  which  trayel  in  this  direction, 
these  rays  are  fonnd  by  drawing  tangent-planes  to  the 
e  npper  wave-surface.  It  is  only  the  ray  MP,  which 
pparent  optic  axis,  that  cuts  the  ware-snrface  in  a  single 
Ter,  the  waTe-surfece  has  an  infinite  number  of  tangent 
ice  the  Telocity  of  the  waye-pkne  within  the  ciystal 
e  refraction,  the  ray  MP  yielos  an  infinite  number  of 
one  another  in  a  cone.  This  remarkable  phenomenon, 
fraction,  may  be  obeenred  by  ooTcring  the  two  parallel 
ut  perpendicular  to  the  median  line,  with  screens,  each 
ed  that  the  line  joining  the  two  apertures  coincides  with 
jrstaL  If  a  converging  pencil  of  rays  from  a  near  source 
:e  of  the  arragonite  plate,  a  coniodly  diTCigent  pencil 

\  of  the  two  rays  proceeding  in  any  given  direction  are 
M  made  to  pass  throu^  the  ray  and  the  two  apparent 
tration  of  the  one  ray  bisects  the  acute,  and  that  of  the 
he  two  planes.  The  directions  of  vibration  (and  Uiere- 
ion)  of  the  two  rays  are  therefore  always  perpendicular 

wfraotive  indices,  ft,  ii\  M^  of  a  crystal  are  known,  and 
las  shown,  the  angle  2/S  of  the  true  optic  axes  may 


For  pocttive  erysUlt. 


•«-ii« 


re  cryfUls. 

rent  optic  axes  by  the  fbrmuUe  : 


•  _«•« 


u-^-U*  ' 


sin««-5^ 


«•«-«« 


M^^-M'' 


Ive  crystals,  the  apparent  optic  axes  form  a  somewhat 
ic  axes,  whereas  in  positive  crystals  the  contrary  is  the 

BLB  OF  Biaxial  Cbtstals. 

Angle  of  axM. 

Sugar 60^  0' 

Sulphate  of  strontium  .  .  .  50  0 
Sulphohydrochlorate  of  magnesium 

and  iron 51  16 

Sulphate  of  magnesium  and  ammo- 
nium        51  22 

Phosphate  of  sodium    .        .        .  55  20 

Comptonite 56     6 

Sulphate  of  calcium  .  .  .  60  0 
Nitrate  of  silver  .        .        .        .  62  16 

lolite 62  50 

Felspar 63    0 

Sulphate  of  potassium  .  .  .  67  0 
Carbonate  of  sodium  .  .  .  70  1 
Acetate  of  lead    .        .        .        .  70  25 

Citric  acid 70  29 

Tartrate  of  potassium  .  .  .  71  20 
Tartaric  acid  .  .  .  .  79  0 
Tartrate  of  potassium  and  sodium  80  0 
Carbonate  of  potassium  •  .  80  30 
Cyanite 81  48 


Angle  of  axes. 

sci- 

.  8°  0' 
.  5  20 
.  .6  56 
.  6  56 
.  7  24 
.  10  35 
.  11  28 
.  13  18 
.  18  18 
.  19  24 
.  27  51 
.  28  7 
.  28  42 
.  35  8 
.  37  24 
.  87  42 
.  37  40 
.  38  48 
.  40  48 
.  41  42 
.  42  4 
.  44  41 
.  45  41 
.  45  8 

urn  46  49 
.  45     8 

^  to  65     0  1 
u  V 


Chlorate  of  potassium  .        .        .  82  0 

Epidote 84  19 

Chloride  of  copper       .        .        .  84  30 

Peridote 87  56 

Succinic  acid  (about)  .        .        .  90  0 

Sulphate  of  iron  (about)       .        .  90  0 

Mica 0^  to  76  0 
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It  will  be  olMerved  that  topae,  and  more  eepeciallj  mica,  i 
in  different  specimens.  S^narmont  explains  this  anomaly  I 
mixtures  of  two  isomorphons  substances,  in  which  the  pla 
dicular  to  each  other.  He  has  shown,  in  fact,  that  a  crystal 
substances  has  its  axes  more  or  less  inclined  to  one  another, 
position  Taries  by  90*^  from  one  specimen  to  another,  aooo 
the  mixture.  In  the  case  of  mica,  which,  aa  S^narmont 
right  prisms  with  rhombic  base  (trimetric),  the  plane  of  th< 
to  the  longer,  sometimes  to  the  shorter  diagonal  of  the  1 
Physique,  ir,  489.) 

Be/lection  of  Light  from,  Jhublt-refrMting  Media, — The 
surface  of  double-refracting  crystals  follows,  so  far  as  rega 
of  the  two  principal  components  polarised  parallel  and  pt 
incidence,  the  same  laws  as  those  ^ich  are  observed  in  reilec 

On  the  other  hand,  the  alterations  in  the  azimuth  of  pola 
the  angle  of  incidence,  but  likewise  on  the  inclination  of  th 

Slane  of  incidence  to  the  axes  of  the  crystal.  Even  when  t 
icularly  on  a  double-refracting  surface,  the  azimuth  of  pc 
unaltered.  In  particular  cases,  however,  no  alteration  ta 
uniaxial  crystals,  when  the  reflecting  surface  is  perpendicuL 
the  plane  <n  incidence  coincides  with  the  principal  section, 
of  the  reflecting  surfroe  and  the  plane  of  incidence,  there 
denoe  at  which  the  azimuth  remains  unaltered.  It  must  a 
light  is  reflected  within  a  double-refracting  medium,  ea 
r^ected  rays ;  that  in  uniaxial  crystals,  only  one  of  the  i 
stantly  in  the  plane  of  incidence,  whereas  the  other  may  i 
in  biaxial  crystals,  for  the  most  part,  neither  of  the  two  r< 
plane  of  incidence. 

Colours  of  Polarised  Ligh 

Double-refracting  substances  viewed  in  polarised  light  of 
the  exact  observation  of  which  affords,  in  most  cases,  an  en 
the  position  of  the  axes  of  the  crvstal,  than  the  mere  sepaj 
two,  which  is  distinctly  perceptible  oiUy  when  the  double  i 
crystal  has  a  considerable  thickness.  Hence,  the  observa 
nomena  is  of  great  service  in  the  studpr  of  crystalline  struc 
Since  the  two  rays  into  which  an  incident  ray  of  common 
a  double-refracting  medium  travel  through  that  mediu 
(p.  661),  they  will,  on  emerging  frx>m  the  medium,  exhibit  a 
As,  however,  the  vibrations  of  the  two  rays  always  take  pli 
to  one  another,  they  cannot  interfere  so  as  to  produce  any  c 
tensity.  Hence,  the  two  images  seen  through  a  double-n 
light  are  colourless. 

But  the  case  is  difierent  when  the  crystalline  plate  is  vi 
ratus,  say,  between  two  tourmalines,  or  two  NichoFs  prisn 
the  other  as  analyser  (p.  666).  The  rays  which  fall  on  this 
the  action  of  the  first  prism  or  tourmaline,  that  is  to  say,  t: 
to  one  plane.  If  this  plane  is  parallel  to  one  of  the  dir 
double-refracting  plate,  they  pass  through  it  without  furl 
only  one  ray — ordinary  or  extraordinary,  as  the  case  may  b< 
But  if  the  direction  of  vibration  CP  {fig.  687)  of  the  polari 
Fia  687  ^^  directions  of  vibration  Co,  Ci,  of 

^*       '  two  components,  Go,  C«,  of  equal  intent 

BOW  that  the  difference  of  path  of  the  t\ 
V  Musing  throug:h  the  plate,  is  equal  to  ai 

\^      lengths;  the  vibrations  will  then  proc 
— ~^^  towards  o  and  e;  and  if  the  direction  ol 
/  I     lyBor  is  at  right  angles  to  that  of  the  ] 
j     Co,  C«,  will  then  yield  two  equal  anc 

'9^   Cg,  which  will  destroy  one  anotlier.     C 

w  light  is  monochromatic,  the  field  of  vi 

\^      analyser,  will  be  dart    If,  on  the  oth 

>    analyser  are  placed  with  their  axes  paral 

CP,  the  components  of  Co  and  Qe  will 

■nd  will  strengthen  one  another,  so  that  the  field  will  be  li 

If  the  difference  of  path  of  the  ordinary  and  extraordinar 

number  of  hidf  wave-lengths,  the  vibrations  will  proceed  in. 
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lequently,  the  phenomena  just  descrilxM!  will  be  exactly 
[  when  the  axes  of  the  two  tourmalines  or  NichoFs  priams 
thej  are  crossed. 

is  white,  it  is  only  particular  coloured  rays  that  destroy 
strengthen  one  another's  effect  in  the  greatest  degree; 
er  dark,  but  the  double-refracting  plate  appears  coloured, 
]g  to  the  thickness  of  the  plate ;  and  for  any  particular 
:ary  to  one  another  in  the  two  relative  positions  of  the 
en  a  double-refracting  prism  (p.  6li5)  is  used  as  analyser, 
lours  of  which  are  complementary  to  one  another ;  and  if 
rsect,  the  overlapping  portion  is  white, 
ed  plate  of  a  double-refracting  crystal — gypsum,  for  ex- 
bhe  crossed  Nichol's  prisms  or  tourmalines,  a  series  o» 
following  exactly  the  order  of  colours  of  Newton's  ringsi 
ft,  the  wedge  is  colourless,  because  there  the  difference  of 
lall  fraction  of  the  wave-lengths  of  all  the  coloured  rays, 
^ess,  the  violet  and  blue  rays  disappear  first,  and  the 
ish  white  and  orange  into  red  of  the  first  order.  Beyond 
I  lays  disappear,  and  a  blue  stripe  is  produced,  and  so  on. 
at  that  the  difference  in  length  of  path  of  o  and  e  amounts 
engths  of  a  great  number  of  rays  dififused  through  the 
ing  lays  together  product"  white  light:  hence  p^tee  of 
,  above  a  certain  thickness,  no  longer  appear  coloured  in 
,  the  white  light  which  has  passed  through  such  a  plate  be 
)  zeeulting  spectrum  is  seen  to  be  traversed  by  a  great 

'  Nichors  prisms  are  placed  with  their  axes  parallel,  the 
smentary  to  those  above  described ;  hence  it  is  clear  that 
produce  any  colours  in  double-refracting  plates,  inasmuch 

all  possible  azimuths,  so  that  the  colour  produced  by  any 
is  exactly  compensated  by  the  complementary  colour  of 
)  the  first,  the  two  together  reproducing  white  light 
hich  a  circuhir  cavity  of  very  long  radius  is  made,  exhibits 

coloured  rings  exactly  similar  to  Newton's  rinffs. 
any  crystalline  plate  in  polarised  light  may  be  determined 
escribed  wedge,  in  such  a  manner  that  the  o  of  the  plate 
of  vibration  with  the  e  of  the  wedge.^  At  the  place  where 
equal  differences  of  path,  their  actions  compensate  one 
)e  is  seen  with  the  tourmalines  crossed,  and  a  white  stripe 
der  of  the  colour  may  then  be  read  off  on  the  wedge, 
i  the  plate  to  be  placed  at  right  angles  to  the  rays.  On 
>lour8  change— first,  because  the  rays  have  then  to  pass 
of  the  plate ;  secondly,  because  the  angle  which  the  rays 
of  the  crystal  also  varies,  and  this  circumstance  likewise 

corresponding  to  a  given  thickness  of  the  crystal, 
late  of  a  double-refractins  crystal  cut  perpendicularly  to 
he  colours  above  described  when  viewed  by  parallel  rays, 
he  axis,  the  two  rays  o  and  e  have  equal  velocities,  or,  in 
one  ray.  But^  when  diverging  light,  proceeding  from  a 
itance,  is  made  to  pass  through  the  crystalline  plate  placed 

when  the  analysing  tourmaline  is  placed  so    jTi^^  688. 
lal  rays  convei^  strongly  towards  the  optic 
-coloured  rings  are  produced,  the  form  of 
le  crystalline  plate  is  uniaxial  or  biaxial, 
swing  these  phenomena  consists  of  two  plates 
>tating  in  tlieir  own  planes  in  two  rings,  or 
to  the  end  of  a  spring,  c,  so  that  the  crystal- 
«  of  cork,  may  be  firmly  held  between  them, 
Dg  round  in  its  own  plane, 
rystal,  such  as  calcspar,  cut  with  parallel 
ptic  axis,  exhibits,  when  viewed  between  the 
I  of  circular  coloured  rings,  intersected  by  a 
m  the  other  hand,  the  tourmalines  are  placed 
Le  cross  is  white,  as  in  fig.  690,   and  the 
X)  the  former.     To  understand  their  forma- 
ry  to  remember  that,  in  the  direction  of  the  axis  ha 
[  e  have  equal  velocities,  but  that  their  difference  of 


Digitized  by 


Google 


668  LIGHT,  COLOURS  OF  POLABI 

path  beeomes  grp&ter  and  greater  in  proportion  aa  they  are  id 
Mcause,  in  the  first  place,  the  difference  of  velocity  of  the  two 

Fig,  689. 


nnnally  greater ;  and,  secondly,  becanae  the  thickness  fii  the 
traversed  b^  the  rays  increases  at  the  same  time.  The  colon 
above  described  (p.  W7),  are  srranged  parallel  to  the  edge  ar^ 
concentric  circles  round  the  axis,  £e  order  of  the  tints  being 
rings. 

The  vibrations  parallel  and  perpendicular  to  the  axis  of  the 
being  resolved  into  two  components,  there  can  be  do  interfer 
through  the  centre  of  the  field  in  those  directions.  Hence  the 
cross  when  the  tourmalines  are  crossed,  and  of  the  white  oi 
paralleL 

The  rings  are  closer  together  in  proportion  as  the  double  ref 
the  thickness  of  the  plate  grrater. 

The  colours  of  the  rings  change,  to  a  certain  es 
of  double  refraction  for  the  different  coloured  ru^ 
respect,  is  exhibited  by  apophyllite,  which,  as  air 
and  negative  for  the  red  rays. 

A  plate  of  a  biaxial  crystal,  cut  at  right  i 
between  two  tourmalines,  in  such  a  manner  that 
to  the  axis  of  one  of  the  tourmalines,  exhibits^  ^ 
system  of  rings  delineated  in  fig.  69 1 .  The  mode  of 
OS  that  above  explained  with  regard  to  uniaxial  c 
of  the  rays  o  and  e  increases  with  their  indinati^ 
colour  embrace  both  these  axes.  The  form  of  tl 
cate,  a  curve  distinguished  by  the  property  that 
drawn  from  the  two  poles  to  any  point  of  the  cur 
the  double-refracting  plate  rouna  in  its  own  p 
round  in  the  same  direction,  and  the  black  croes  i 

Fig.  691.  Fig.  692. 


the  appearance  shown  in  fig.  692 ;  and  when  the  plane  of  th 
of  45®  with  the  axes  of  the  two  tourmalines,  the  two  black 
hyperbolas,  as  in  fig.  693.  The  general  direction  of  the  bran< 
is  always  parallel  or  perpendicumr  to  the  plane  of  primitive 
tinuing  the  rotation  of  the  plate  from  45®  to  90®,  the  same  ap 
in  the  reverse  order,  and  the  whole  series  of  changes  is  repei 
quadrants. 
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aced  with  their  axej*  p.inillel,  th«»  form  of  the 
me  as  above,  but  the  colours  are  eomplemcn- 

learance  in  crystals,  such  as  nitre,  which  have 
B  not  exceeding  5°  or  6° ;  when  the  axes  are 
seen  at  once, 
ings  formed  by  a  biaxial  crystal  cut  perpen- 

3  neighbourhood  of  the  axes  shows  plainly 
txes  increases  ^,-      gg^ 

ys.     The  for- 

the  latter  in 
nonoclinic,  as 

the  direction 

the  different 
e,  and  cupric 
iraries  accord- 
uric  acid,  and  acetate  of  sodium,  the  diff*erent 
ferently  directed  ordinates,  so  that  the  planed 
of  the  light 

many  biaxial  crystals  are  altered  in  a  very 
ture.  t  Glauberite,  for  example,  is  uniaxial  at 
lut  biaxial  for  all  other  colours.  At  lower 
bo  two,  and  the  angles  between  the  axes  of  the 
p  hand,  the  temperature  is  raised,  the  violet 
inglee  to  the  former ;  the  axial  angles  of  tlie 
md  then  likewise  pass  into  the  perpendicular 
ler,  even  before  the  temperature  rises  as  high 

of  the  curves,  and  of  the  dark  bands  which 
ermining  the  position  of  the  axes  in  biaxial 

of  the  optic  axes,  the  crystal,  cut  in  the  form 
between  a  polariser  and  analyser  with  their 
iduce  darkness,  and  the  plate  is  turned  round 
>t  restore  the  light.  Two  positions  are  thus 
ve  plane  of  polarisation  are  to  be  marked  on 
rm  a  right  angle,  and  one  of  them  is  situated 
en  turned  round  in  its  own  plane,  till  each  of 
the  primitive  plane  of  polarisation ;  then,  by 
8,  a  position  is  sought  in  which  the  rings  can 
ne  of  the  axes  is  perpendicular  to  the  line 
•  discover  the  rings. 
1x18. — The  most  convenient  apparatus  fortius 

Fig,  696. 


td  the  other  left-handed.  The  p]at«  e  is  held 
Bontal  axis,  its  rotation  being  measured  by  a 
ch  is  read  off  by  the  magnifier  v.  The  sup- 
ing  on  Of  so  that  the  crystalline  plate  c  may 
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To  meaDurp  the  angle  botwei>n  the  axes,  it  is  best  to  use  1 
*rystaIliDe  plate  e,  cat  nearly  at  right  angles  to  the  median  li 
in  such  a  position  that  the  plane  of  its  axes  may  be  vertical, 
round  in  its  own  plane,  so  as  to  brin^  each  of  the  poles  sticc 
^e  intersection  of  the  wires  of  the  micrometfr.  The  arc  thi 
burned  between  the  two  positioos  gives  the  observed  ande  2< 
[iptic  axes  (p.  664).  From  this  the  real  angle  between  these  i 
^nation  sin  a'  «>  ft'  sin  a,  in  which  ft'  is  the  middle  of  the  thre< 
indices  for  the  oolour««d  ray  observed. 

Soleil's  apparatus  serveti  also  to  measure  the  diameters  of  th 
\>fjn^  capable  of  turning  round  on  itself,  the  diameters  can  e« 
required  direction. 

DoubU-refraetina  Hrueture  produced  by  Molecular  Tend 
other  amorphous  bodies,  also  crystals  belonging  to  the  regi 


y     .  n^lar  ^ 

[)n  a  very  hot  iron  plate,  exhibits,  when  examined  in  a  polansi 
N)loured  bands  parallel  to  its  edges,  these  bands  altering  th 
beat  is  gradually  conducted  across  the  pkte,  and  disapp**a 
becomes  uniformly  heated  all  over.  A  similar  efft* ct  is  produ 
in  the  same  manner  on  a  plate  of  metal  cooled  by  a  fi^ezing  u 
it  to  lateral  compression. 

These  effects  are,  however,  most  strikingly  exhibited  by  u 
to  say,  glass  which  has  been  heated  and  quickly  cooled.  G 
irregular  structure,  the  parts  near  the  surface  having  been  n 
Lhe  interior  parts,  and  torn  away  from  them,  as  it  were,  by  t] 
cooling.  In  consequence  of  this  irregularity  of  structure,  th 
refraction  on  all  rays  which  traverse  it,  but  in  different  degr 
nrhence  there  results  a  variable  coloration  when  the  glass  is  vi 
The  figures  produced  exhibit  a  symmetry  depending  on  tha 
plate.  A  circular  plate  of  unannealed  glass,  the  structure  o 
round  the  axis,  acts  like  a  uniaxial  crystal,  exhibiting  concent 
i  black  or  white  cross,  according  to  the  relative  positions  of  th 
[f  the  structure  is  not  quite  symmetrical  round  the  axis,  the 
:orted.  A  square  plate  exhibits  a  cross  with  coloured  frii 
elliptical  plate  exhibits  a  figure  resembling  those  of  biaxial  cr 

Absorption  of  Light  by  Double-refracting  Crys 

Certain  coloured  double-refracting  crystals,  when  traversed 
exhibit  different  colours  according  to  the  direction  of  the  rays  v 
Jius  dichro'it^  or  iolite  (ii.  320)  appears  of  a  yellowish  white  a 
>r  of  a  fine  azure  blue,  according  as  the  rays  traverse  it  parall 
ixis ;  in  like  manner,  chloride  of  palladium  and  potassium  exhi 
>r  a  fine  green  colour ;  some  varieties  of  sapphire  are  blue  or 
jreen  tourmalines  appear  dark  brown-red  when  viewed  along  1 

This  effect  is  due  to  the  property  possessed  by  double-refract 
>olari8ed  rays  in  different  proportions  according  to  the  indin 
■egard  to  their  axes.  The  tourmaline  absorbs  completely  all 
)iurallel  to  its  axis,  and  transmits  them  in  greater  and  greatei 
s  inclined  to  the  plane  of  polarisation  ;  moreover  it  absorbs 
>osing  white  light  in  the  same  proportion,  consequently  the  ti 
klways  of  the  same  colour,  excepting  in  the  case  of  the  green 
ioned.  But  when  the  absorption-coefficients  of  the  several 
erent  proportions  with  the  change  of  direction  of  the  rays 
brmed  by  the  mixture  of  the  unabsorbed  rays  likewise  varie 
o  the  axis. 

Some  biaxial  crystals  exhibit  tr  ichroism ;  thus  certain  B 
owish  rose  tint  in  the  direction  of  the  median  line,  are  violel 
lomplementary  line,  and  yellowish  white  perpendicular  to  the 

Babinet  has  observed  that,  of  the  two  rays  into  which  an  i 
»ntering  a  uniaxial  crystal,  that  which  travels  most  slowly  ai 
racted,  is  also  absorbed  in  the  largest  proportion ;  in  positive 
ks  tourmaline,  it  is  the  ordinary,  and  in  negative  crystals,  like 
ixtraordinary  ray  which  is  most  absorbed.  This  law,  true  in 
iases,  nevertheless  admits  of  numerous  exceptions.     Thus,  Ha 
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error  nutj  arise  from  the  different  angles  of  zo 
rays. 

To  obriate  tliid  soarce  of  inaoeoracy,  a  oon 
been  inrcnted  by  Soleil,  which,  tc^ether  with  i 
a  saccharinieter,  being  especially  adapte 
saccharine  solutions — is  represented  in  fig,  69^ 


Fig.  697. 


the  tube  T,  arrives  at  a  quartz-plate,  ^,  cut 
through  the  compensator,  r.  is  analysed  by 
finally  viewed  through  the  small  telencope,  L  ] 

RK'  is  a  horizontal  section  of  the  compel 
perpendicular  to  the  axis,  and  of  contrary  rot 
slide  one  over  the  other  horizontally,  and  in 
thickness  which  the  modified  light  has  to  t 
toothed  pinion  fixed  to  the  button  6,  and  actio 
of  the  mounting  of  the  prisms.  One  of  th 
represented  separately  at  E ;  the  other,  a  vei 
serves  to  measure  the  opposite  displacements  ( 
scale  and  vernier  coincide,  the  two  prisms  are 
nesses  are  together  eqnal  to  that  of  the  plate  \ 
neutralised  by  them.  The  analyser  mav  then 
f ,  into  such  a  position,  that  the  two  halves  of 
the  sensitive  tint  If  the  tube  T,  containing 
two  halves,^,  <f,  will  then  exhibit  very  differen 
the  compensator,  r,  must  be  so  ac^usted  as  t< 
invtnnion  opposite  to  that  of  the  liquid,  either 
prism,  r,  or  diminishing  it,  so  as  to  allow  t1 
The  direction  in  which  uie  vernier  is  moved  f 
series  of  divisions  on  opposite  sides  of  the  i 
rotation  exerted  by  the  hquid,  and  the  displa 
deviation  when  the  thickness  of  quartz  com 
known.  These  divisions  are  usually  made  1 
metre ;  the  vernier  indicates  the  tenth  of  th( 
to  the  hundredth  of  a  millimetre.  The  half 
appreciable  difference  of  tint  in  the  two  halve 

W  hen  either  the  light,  or  the  liquid  in  the  t 
produced  by  the  polarisation,  modifies  the  se 
of  the  observation.  To  neutralise  this  colour 
instrument,  a  double-reflracting  prism,  »,  and 
can  be  turned  round  in  its  own  plane  by  m( 
the  button  B.  This  plate  is  interposed  betw< 
which  acts  as  analyser,  and  yields  a  colour  wl 
M,  90  that  a  position  of  this  prism  mav  be  fou 
neutralising  that  of  the  liquid,  or  of  the  light 

As  the  apparatus  above  described  requires 
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ti  the  diiecdon  of  the  nj.  The  rotation  oewpi 
se  ceaeee  to  act ;  its  amount  yaries  directly  ai 
;tion  changes  with  that  of  the  current  or  of  the 
rotatory  power  of  ita  own,  the  total  effect  ii 
atural  and  induced  rotations,  according  as  the 
or  against  the  natural  rotatory  power  of  th« 


6,  p.  1.) 
1  led  to 


the  discovery  of  the  universalitr  ol 
red  out  in  greater  detail  by  Pouillet,  £.  Bee^ 
t,  and  others. 

xliiL  37)  has  confirmed  Faraday's  result  relat- 
on  to  the  magnetic  foxve ;  and  has  also  shown 
iqaelv  to  the  ray,  the  rotation  of  the  plane  of 
of  the  angle  contained  between  the  direction  of 

in  other  words,  the  rotation  is  proportional  to 
eh  is  parallel  to  the  ray.    In  accordance  with 

direction  of  the  magnetic  force  coincides  with 
Lg  when  it  acts  at  right  angles  to  the  ray. 
nnd  that  the  direction  of  Uie  induced  rotHtinn 

current,  or  of  an  electric  current  which  would 
his  law  is  true  with  regard  to  all  diamagnetic 
in  certain  magnetic  bodies  the  direction  of  the 
he  current.  This  inverse  or  negative  rotation 
un,  cerium,  and  lanthanum ;  whereas  those  of 
positive  rotation,  that  is,  in  the  same  direction 
ts,  some  exhibit  positive,  others  negative  rota- 
ide,  which  exhibits  negative  rotatory  power,  is 
>  negative  rotation  actually  produced  increases 
ame  salt  dissolved  in  alcohol,  ether,  or  wood- 
)  solution  than  water,  exhibits  a  still  greater 

t  substances,^ AM  the  liquids  and  transparent 
experimented,  exhibited  more  or  less  magnetic 
liessen  (Pogg.  Ann.  Ixxiii.  66,  71;  C^mpt. 
B  not  exhibited  by  fused  phosphoric  acid,  flint, 
sed  bodies  in  general  do  not  exhibit  it ;  rock- 
y  high  deeree.  Mercuric  chloride,  carbonate  of 
suscpptible  of  magnetic  rotatoiy  power,  when 
e  amorphous  state. 

f  lead)  was  formerly  regarded  as  the  substance 
Eitoty  power ;  but  Matthiessen  has  shown  that 
1  a  still  higher  degree.  The  greatest  rotatory 
>erhap8  by  the  chlorides.  Among  bases,  oxide 
ed  into  glass,  produces  the  greatest  increase  of 
e  oxides  of  bismuth,  antimony,  sine,  mercury, 
do  not  appear  to  exert  any  influence ;   lime, 

has  obtained  the  following  values  of  the  mag- 
ces,  as  compared  with  that  of  Faraday's  heavy 


100 
87 
89 
53 
77 
74 


Trichloride  of  phosphorus  .  .51 
Solution  of  chloride  of  zinc  .  .  56* 
Solution  of  chloride  of  caldum      .    45 

Water 25 

Alcohol  at  36®  ....  18 
Ether 15 


fferent  coloured  rays  by  magnetic  rotation  in  flint-glass 
Line  (Wiedemann),  follows  the  same  laws  as  in  circular 
•ts  (p.  872). 

aiory  action, — ^Faraday  at  first  attributed  the  observed 
the  magnet  on  the  rays  of  light ;  but  further  research 
on  of  the  plane  of  polarisation  is  due  to  a  temporary 
•  structure  of  the  transparent  medium,  induced  by  the 
et.  In  accordance  with  this  view,  it  is  Ibund  that  any 
olecular  displacement,  likewise  impedes  the  development 
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of  the  rotatory  power  by  magnetie  action :  hence  it  is  that  i 
developed  in  crystala.  The  development  of  this  power  is  lil 
avre,  but  &voured  by  heat,  which  increaaes  the  spaces  bet' 
thereby  facilitates  their  displacement  by  magnetic  action. 

IblOKT,  OBaMXOA&  AOTXOW  OV.  A  large  nno 
chemical  change  on  exposure  either  to  sunlight  or  to  certain  i 
the  action  thus  effected  is  said  to  be  chemical  action  induced  b; 
or  mechanical  theoiy  of  light  and  heat  easily  explains  this 
inasmuch  as  this  theorjr  supposes,  in  accordauce  with  the  prii 
of  energy,  that  the  rapid  vibrations  of  the  luminiferous  ethe 
term  light,  are  transferred  to  the  smallest  particles  of  the 
producing  the  chemical  change.  Amongst  the  most  striking 
changes  effected  by  the  action  of  li^ht  may  in  the  first  place 
by  light  upon  the  salts  of  silver,  giving  rise  to  all  the  marvelloi 
and  secondly,  the  conversion  of  the  carbonic  acid  ^s  contains 
stituent  elements,  bv  plants  in  sunlight^  a  chenucal  decom] 
whole  living  world  depends. 

The  peculiar  blackening  which  exposure  to  light  effects  up 
observed  as  early  as  the  middle  of  the  sixteeuth  century,  bu 
phenomenon  was  first  given  byScheelein  the  year  1777  ( 
Fewjtr^  Leipsic,  1784,  p.  64).  He  clearly  proved  that  when  chl 
to  light  a  black  substance,  insoluble  in  ammonia,  but  soluble  i 
at  the  same  time  hydrochloric  acid  is  set  free ;  and  hence  Sch 
blackness  which  the  luna  eomua  acc^uires  from  the  sun's  ligfa 
Bcheele  likewise  proved  that  the  variously  coloured  solar  rays 
in  the  same  degree,  and  that  the  chloride  of  silver  is  blacke 
than  in  any  other  of  the  rays.  The  theory  of  the  decomp 
light  has  miade  but  slight  progress  since  these  first  experimen 
the  enormous  development  which  practical  photography  has  a 
present  day,  as  regards  the  chemistry  of  the  photo^n^hic  pr 
advance  far  beyond  Scheele*s  three  fundamental  discoveries, 
black  powder  insoluble  in  nitric  acid,  (2)  the  formation  of 
(8)  the  specific  activity  of  the  violet  rays. 

The  first  definite  experiments  made  on  the  chemical  action 
were  those  of  Priestley.  This  acute  reasoner  and  active  expei 
ments  and  Observations  on  Diffrrmt  Kinds  of  Air,  Birminghf 
is  only  in  presence  of  light  that  plants  are  able  to  decompose 
air,  assimilating  the  carbon,  and  liberating  the  oxygen,  and  tl 
mosphere  rendered  impure  by  the  respiration  of  animals  or  b^ 
These  results  were  soon  afterwards  confirmed  and  enlarged 
chemists  and  botanists,  amongst  others  by  Ingenhousz,  D 
Ritter,  and  thus  by  degrees  the  grand  relations  of  the  ati 
animal  and  vegetable  life  became  apparent  It  is,  however. 
Tears  that  the  immediate  dependence  of  all  terrestrial  life  upoi 
bean  universally  admitted.  We  now  know  that  the  animal, 
derives  its  power  fr^m  the  sun ;  that  it  is  the  rapidly  vibrati 
absorbed  by  plants  and  stored  up  in  them,  to  be  given  out  aga 
energy,  either  animal  or  mechanical,  upon  the  destruction  o] 
by  oxidation.  Onlv  the  most  rapidly  vibrating  of  the  solar 
to  effect  chemical  change,  and  hence  these  violet  or  most  refra 
thb  special  name  of  the  "  chemical  rays ;  "  there  is,  howev< 
between  these  and  the  other  solar  radiations,  they  all  differ  on] 
intensity  of  vibration. 

Measurement  of  the  Chemical  action  oj 

The  measurement  of  the  chemical  action  of  li^ht  and  the 
iHiich  reffulate  these  important  actions  are  subjects  which 
oonaiderable  attention.  The  first  person  who  succeeded  in 
roughly,  the  chemical  action  of  light  was  Dr.  Draper  of  Ke^ 
this  purpose  a  reaction  originally  observed  by  Oay-Lussac  ai 
and  nydrogen  when  mixed  in  equal  volumes,  do  not  combine 
exposed  to  difiused  light,  gradually  unite,  and  even  combine 
an  explosion  when  placed  in  direct  sunlight  Draper  const 
which  the  quantity  of  hydrochloric  add  formed  by  the  action 
time  could  h^  approximately  determined,  and  although  the  m 
was  very  iitcomplete^  his  experiments  led  him  to  the  first  gn 
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action  of  light  ffariea  in  direct  proportion  to  th«  in^ 
imc  of  ike  exposure.  The  subject  of  the  meAsnrement 
t  has  been  placed  upon  an  exact  scientific  basiB  by 
Boacoe.  For  the  detailed  description  of  the  methods 
results  which  these  chemists  obtained,  we  must  refer  to 
Trans.  1867,  pp.  866,  381,  601;  1869,  p.  879;  1862, 
re  a  short  summaiy  of  the  principles  upoD  which  their 
1  action  of  light  are  founded,  and  a  statement  of  some  oi 
hich  they  hare  been  led. 

and  Hydrogen  Chemical  Photometer  of  Bunsen  and 
inded  on  the  same  principle  as  the  photometer  of  Draper, 
xture  of  chloriDe  and  hydrogen  wnen  exposed  to  light, 
stmment  in  being'  capable  of  giving  accurate  and 
ismuch  as  certain  necessary  conditions  for  girir^ 
fulfilled.  Theee  consist  mainly  in  the  perfect  unifov- 
nstancy  of  pressure  on  the  gas  and  liqmds  throogbout 
of  the  disturbing  action  of  radiant  heat.  This  most 
r^nesented  in  Jig,  702.    It  consists  essentially  of  three 

Fig.  702. 


■atus  in  which  the  sensitiTe  gas  is  ffenerated  by  the 
1 ;  secondly,  the  apparatus  in  which  the  gas  is  exposed 
itus  in  which  the  yolume  of  hydrochloric  add  produced 
>  mixed  gas,  consisting  of  hydrogen  and  chlorine  in  eoual 
shloric  acid  in  the  glass  vessel  a  containing  two  carbon 
of  the  Bonsen  batteiy  C.    By  help  of  the  gyrotiope  D, 


neatly  weakened  at  pleasure,  and  the  erolution  of  saa 
dl  amount  The  mixed  gases  pass  ftom  the  tsssm  a 
the  washing-bulbs  v,  and  thence  through  a  horixontal 
cock  «,  into  the  insolation  yessel  t,  in  which  the  gasea 
it  The  lower  half  of  this  yessel  is  blackened  to  protect 
From  the  insolation  yessel,  the  gas  passes  throi^h  the 
oyided  with  a  millimetre  scale,  then  through  the  water 
i  cylinder  filled  with  slaked  lime  and  charcoal  to  absorb 
allowed  to  pass  through  the  apparatus,  the  liquids  in 
laturated  with  the  gas ;  but  as  the  saturation  goes  on 
»,  and  it  is  only  after  the  gas  has  continued  to  pass 
that  the  liquids  become  perfectly  saturated,  and  the 
d  yolumes  of  hydrogen  and  chlorine.  During  the  pro- 
emical  sensitiveness  of  the  gas  increases  continually, 
!  equilibrium  is  attained,  the  sensitiyeness  reaches  its 
atus  is  ready  for  use.  It  retains  this  same  sensitiyeness 
bort  saturation  each  day  preyious  to  the  actual  obserya- 
de  by  closing  the  stopHXxsk  «,  and  allowing  the  light  to 
,  of  the  yessel  t.  Combination  then  occurs,  accompanied 
Lug  to  the  absorption  by  the  water  of  the  hydrochloric 
beric  pressure  forces  the  water  in  throng  the  tube  h 
ent  of  the  column  of  water  per  minute  giyes  the  dimi- 
the  chemiod  action  effected.  The  pressure  on  the  gas 
sssel  and  measuring-tube,  during  the  observations,  is 
mstruction  of  the  apparatus ;  but  it  is  also  necessary 
asured  in  all  other  parts  of  the  apparatus  in  the  intervals 
XX 
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between  the  obeerratione ;  otherwise  the  oompoeitioii  of  the 
altered,  and  the  results  will  be  no  longer  exact  This  nnii 
sored,  by  milking  the  gus  pass,  after  the  stop-oock  «  is  closer 
m  V,  containing  water,  ana  thence  throngh  the  tnbe  A,  whicli 
the  Teasel  £»  the  pressure  being  regulated  by  raising  or  dep 
the  caoatchonc  monthpieoe  t.  When  ttie  stop-oock  is  open 
through  the  insolation  ressel  or  throngh  the  pressnre-regol 
depth  to  which  the  tube  k  is  immersed  in  the  water. 

To  prevent  any  distorbanoe  from  the  effects  of  radiant  hea 
as  a  delicate  air-thermometer)  the  light  from  a  coal-gas  fiam 
been  condensed  by  the  convex  lens  M,  is  made  to  pass  tbroi 
with  plate^lass  ends,  and  filled  with  water.  A  screen  is  al 
insolation  vessel  to  prevent  radiation  of  heat  from  the  body  < 
together  with  the  screen  L^  serves  to  prevent  radiation  from 
found  by  experiment  that  the  heat  evolved  by  the  combinatii 
not  exert  any  sensible  influence  upon  the  results.  The  whole 
a  and  /  is  connected  by  ground-glass  joints,  or  by  fusion, 
organic  substance,  which  could  l»  acted  upon  by  chlorine, 
where  the  waste  gas  is  carried  ofll  The  instrument,  when  tb 
delicate ;  the  light  emitted  frx>m  a  small  straight  flame  of  c( 
placed  at  a  distance  of  216  mm.  ftT>m  the  insoUUon  vessel,  p 
sented  by  the  motion  of  the  column  of  water  over  neariy  1^ 
one  minute.  The  several  indications  obtained  agree  doedy  i 
that  the  instrument  gives  both  accurate  and  trustworthy  i 
effected  by  a  coal-gas  flame  of  constant  dimensions  on  diffen 


Date. 

Actkm  in  1  mlnuu. 

une  11     . 

14-00 

,.     12     .        . 

U-26 

„     13     ..     . 

13-80 

..     19     .        . 

13-83 

.,    21     .        . 

18-88 

„    26     .        . 

18-72        . 

13-91 

Obtervations  made  with  the  constant  flame  placed  at  difiei 
the  insolation  vessel,  proved  that  the  amount  of  the  chemical 
the  square  of  the  distance ;  and  experiments  made  in  Septc 
same  dimensions  as  used  in  June,  gave  results  agreeing  most  e 
three  months  previously. 

yhotoobemioal  Znanotloih — ^When  the  gaii  is  expoi 
of  hydrochloric  acid  does  not  at  once  attain  the  maximun 
elapses  before  any  alteration  of  volume  is  observed ;  a  sUg 
soon  noticed,  and  this  gradually  increases  until  the  permanc 
This  remarkable  fact  was  first  observed  by  Draper,  who  exph 
the  chlorine,  on  exposure  to  light,  underwent  a  permanent 
which  it  possessed  more  than  usually  active  properties.  I 
however,  shown  that  neither  chlorine  nor  hydrogen,  when  se 
goes  any  such  modification,  no  difference  indeed  being,  percc 
of  light  on  the  gases  which  have  been  separately  insolated 
mixture  of  the  same  gases  evolved,  and  previously  kept  in  the 
therefore,  to  act  by  increasing  the  attraction  between  the  ch 
or  by  overcoming  certain  resistances  which  oppose  their  con 
action  is  termed  photochemical  induction.  The  autho 
the  laws  of  photochemical  induction,  and  have  determined  the 
the  intensity  of  the  light,  the  mass  of  the  gas,  and  the  duratic 
for  the  results  thereby  obtained  we  must,  however,  refer  the  rea 

The  resistance  to  combination  which  prevents  the  union  of  t 
gases  until  the  action  is  assisted  by  light,  is  increased  to  a  i 
presence  of  even  the  minutest  trace  of  foreign  gases.  Tl 
hydrogen  above  that  contained  in  the  normal  mixture  redi 
to  38.  The  fbllowing  table  shows  the  effect  of  the  presen 
foreign  gases  upon  the  sensitiveness  of  the  mixture.  In  eac 
nation  c?  the  pure  gasee  is  supposed  to  be  100. 
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lameofeblorlne 

Volume  of  fbreifD 

Ratio  of  oombioitioo 

+  hjirofua. 

gu. 

of  mixture. 

1000 

0 

1000« 

1000 

1-8 

1000 

(   10- 

602 

1000 

76- 

608 

ll80- 

41-3 

1000 

8- 

87-8 

1000 

U*: 

9-7 
2-7 

1000 

•• 

66-6 

rhich  combinataon  goes  on  up  to  a  certain  point,  under 
to  arise,  not  from  any  pecuuarity  in  light,  bat  rather 
chemical  attractions  themselyes.  Cbemiod  induction 
e  is  nothing  but  pure  chemical  action  to  produce  the 
OLtion  of  aqueous  bromine  be  mixed  with  tartaric  acid 
lie  acid  is  formed,  and  the  rate  at  which  this  hydro- 
uniform,  but  increases  up  to  a  certain  point,  according 
is  observed  in  photochemical  induction.  These  pheno- 
dusion,  that  the  chemical  attraction  between  any  two 
istant  amount,  but  that  its  action  is  liable  to  be  modi- 
to  those  which  affect  the  conduction  of  heat  or  eleetri- 
uetism  in  steeL  We  overcome  those  lesistanoes  when 
a  precipitate  by  agitation,  or  a  deoompontioo  by  inao- 

g  applications  of  the  law  of  photochemical  induction 
otography.  As  an  instance  of  this  application,  Bunsen 
ble  observations  of  Beoquerel,  from  which  he  assumed 
rhich  can  continue  but  not  commence  chemical  action. 
Lcnon  observed  by  the  French  physicist^  it  is  not  neces- 
of  a  new  property  of  light,  as  the  Cuts  are  easily 
ochemical  induction  (PhiL  Timns.  1867,  P.  400).  It  is 
Bunsen  and  Boeooe,  that  the  relations  thus  proved  in 
ogen  occur  in  a  slightly  modified  fi>rm  in  other  photo- 

ata  Maasnrement  of  the  Otaemloal  Xmjs.— The 
iasurement  of  photochemical  actions  is  the  possession  of 
is  Bunsen  ana  Roecoe  secured  by  employing  a  flame  of 
g  from  a  platinum  iet  of  7  mm.  in  difuneter,  and  issuing 
«6ure  very  slightly  differing  from  that  of  the  atmosphera. 
ird  flame  produces  in  a  given  time  on  the  sensitiTe  miz- 
ren,  placea  at  a  given  dutance,  is  taken  as  the  arbitraiy 
ion.  This  action  is,  however,  not  that  which  is  directly 
itrument  The  true  action  is  obtained  onl^  by  takins 
xtinction  which  the  light  undergoes  in  passmg  through 
mica-screens  placed  between  the  flame  and  the  sensitive 
made  by  help  of  the  determinations  detailed  in  the  me- 
Q  these  sources  of  error  are  eliminated,  it  is  possible,  by 
0  reduce  the  indications  of  different  instruments  to  the 
jr,  and  thus  to  render  them  comparable.  For  this  pur- 
bometric  unit  for  the  chemically  active  rays,  as  the  amount 
ieby  a  standard  flame  plaeea  at  a  distance  of  one  metre 
lorine  and  hydrogen  ;  and  they  determine  experimentally 
r  of  such  units  whic^  correspond  to  one  division  on  the 
uldplyin^the  observed  number  of  divisions  hj  the  num- 
to  one  division,  the  observations  are  reduced  to  a  oom- 
led  to  call  this  unit  a  chemical  unit  of  light,  and 
;mical  degree  of  light  According  to  this  standard 
lumination  of  a  sur&ce,  that  is,  the  amountof  chemically 
licularly  on  the  plane  surface,  can  be  obtained.  It  has 
ice  to  which  two  flames  of  coal-gas  and  carbonic  oxide, 
f  4*105  c.  c.  per  second,  must  be  removed  from  a  plane 
n  it  an  amount  of  chemical  action  represented  by  one 
e  of  the,  coal-gas  flame,  0*929  metre,  in  that  of  carbonie 
XX  2 
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»61  mcftzv.  The  chemictl  fllnminating  power,  or  ch< 
f  liffht,  measured  by  the  chemical  action  effected 
ana  in  eqnal  times,  can  aLM>  be  expeMed  in  terms 
smical  intensities  may  be  comparea  with  the  risibl 
lanner,  the  authors  define  chemical  brightnei 
i  photochemically,  which  falls  perpendicularly  from  i 
point,  divided  by  the  apparent  magnitnde  of  the  si 
IS  of  ciides  of  z'^nith-sky  of  different  sizes  has  been 
lit  the  chemical  brightness  of  varioas  sized  portions 
K)9  of  the  total  heaTens,  is  the  same ;  or,  that  the  < 
>roportional  to  the  apparent  magnitnde  of  the  illnn 
is,  however,  possible  to  express  photochemical  actic 
ary  standard,  but  in  absolute  units  of  time  and  space 
ing  the  absolute  yolume  of  hydrochloric  acid  forme 
light  during  a  given  space  of  time ;  and  in  this  way 
orfaoe  may  be  expressed  by  the  height  of  the  col 
» light  falling  upon  that  surface  would  produce,  if 
nosphere  of  dilorine  and  hydrogen.  This  height,  m< 
ye  call  a  1  i  g  h  t-m  e  t  r  e.  The  chemical  action  of  the  8 
aetres,  and  the  mean  daily  or  annual  light  thus  ol 
nate  of  a  place,  and  points  the  way  to  relations  for  tj 
B,  which  in  the  thermic  actions  are  already  represe 
cc 

ioal  Aettoa  of  BIAise  BftjrUglit.— In  oi 
prted  by  the  whole  diflfuse  daylight  upon  a  givei 
m  were  obliged  to  have  recourse  to  an  indin 
the  impossibility  of  measuring  the  whole  acl 
mixture  of  chlorine  and  hydrogen.    For  the  pu 
,  the  chemical  action  proceeding  from  a  portion 
e,  was  determined  in  absolute  measure ;  and  th< 
cnliar  construction  can  only  be  understood  by  i 
;he  vuibU  illuminating  power  of  the  same  port 
heavens  was  determineo.    As,  in  the  case  of  li( 
nt  degrees  of  intensity,  the  chemical  actions  a 
ing  effects,  it  was  only  necessaipr,  in  order  to  ol 
ue  total  difihse  light,  to  multiply  the  chemica 
the  number  representing  the  relation  between 
and  that  of  the  same  zenith-portion.  The  laws  a 
lispersed  by  the  atmosphere  can  only  be  ascert 
sky  is  perfectly  doodlesa.    In  the  oeterminati 
photometer,  eare  was  therefore  taken  that  tl 
absent,  and  the  xcJations  between  the  visible  i 
the  lenith  and  that  of  the  whole  visible  heavens,  i 
tnm  mnrise  to  snnaety  the  observations  being  m 
EeidelberR,  from  which  the  horizon  was  pcurfectly  fr 
lonnt  of  <memical  illumination  which  a  point  on  thi 
whole  heavens,  depends  on  the  height  of  the  sun  al 
»arency  of  the  atmosphere.    If  the  atmospheric  tram 
len  the  sky  is  cloudless,  a  long  series  of  experiment 
elations  of  atmospheric  extinction  for  the  chemical : 
rs,  however,  believe  that  the  alterations  in  the  trans 
sky  are  very  slisht,  and  they  think  themselves  jus 
illumination  of  the  earth's  surface  on  cloudless  days 
tion  of  the  sun*s  zenith-distance.     This  suppositioi 
de  on  different  i>ccasions  with  varying  senith-distai 
11  agree  closely  amongst  themselves.    From  a  seriea 
168,  the  relation  between  the  amount  of  liffht  optical 
sk}r,  and  the  amount  (taken  as  unity)  which  at  th( 
zenith-sky  equal  to  ji^th  part  of  the  whole  visible 
every  degree  of  the  sun's  zenith-distance  from  20^ 
.  by  the  chemical  light  proceeding  from  the  same  poi 
ii-distance,  ^ve  the  chemical  action  effected  by  the 
'  chemical  light  which  falls  from  the  zenith-poitio 
iri^htness  of  that  portion  of  sky.    This  chemical  bi 
ionne  and  hydrogen  photometer  on  various  days  ai 
ras  perfectly  cloudless;  thence  the  authors  obtaii] 
in  degrees  of  light,  which  is  effected  on  the  earth' 
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l^th  part  of  the  whole  hesTens,  under  correspondinp  Iran's 
90°.  The  numbers  thus  obtained  have  only  to  be  multi- 
leries  of  observations,  in  order  to  give  the  chemical  action 
ight  of  day  for  zenith-distances  varying  from  'iO'^  to  90°. 
g  between  the  sun's  altitude  and  the  chemical  action,  the 
A  during  each  minute  at  any  given  locality  at  a  given 
the  following  places,  the  amount  of  chemical  illumination 
nrhich  falls  from  sunrise  to  sunset  at  the  vernal  equinox  ia : 


10.690 

Heidelbei^ 

.     18,220 

16,020 

Naples       . 

.     20,660 

16,410 

Cairo 

.     21,670 

18,220 

broet  Suiillglftt. — The  chemical  action  of  the  direct  sun- 
wing  a  small  but  known  portion  of  direct  sunlight  to  fall 
1  the  instrument  was  pla<^,  so  that  the  insolation  vessel 
rays  thus  admitted.  By  help  of  Silbermann's  heliostat, 
during  the  whole  day  upon  one  spot,  a  small  opening  of 
ihutter  of  a  dark  room.  The  fraction  of  the  total  sun's 
ired  to  fall  upon  the  chemical  photometer  was  calculated, 
was  observed :  hence  the  amount  of  action  can  be  found 
Minced  if  directly  shining  upon  the  instrument, — a  con- 
k>  fulfil,  as  the  action  would  become  too  rapid  and  the 
ittered  by  explosion. 

ition  of  the  sun's  action  must  obviously  be  cloudless,  if 
the  relation  existing  between  the  chemical  action  and  the 
;  the  observations  as  near  sunrise  as  possible,  we  find,  for 
58,  one  of  the  days  on  which  such  a  series  of  experiments 
when  the  sun's  senith-distance  was  76°  30',  the  observed 
at  is,  in  one  minote  the  column  of  water  moved  through 
f  of  hydrochloric  acid  formed,  when  the  sun  stood  at  tbe 
lented  by  r62  division  on  the  scale.  Gradually,  as  the 
ion  for  each  minute  became  larger;  until  at  9^  14"  a.m., 
B  on  the  day  in  question,  owing  to  the  formation  of  clouds, 
ions,  or  was  thirteen  times  as  large  as  at  7^  9".  In  the 
tying  table  is  found  the  action,  expressed  in  degrees  of 
observed  at  the  foregoing  times,  if  the  whole  sunlight  had 
stmment : 


Sun'i  i^nlth- 
distanc*. 

OlMerT«Nl  action. 
1  minutit. 

ToUl  iun'i 

action  ill  degrees 

oflighc. 

76°  30' 

1-62 

664 

73     49 

4-22 

16-50 

71    37 

609 

22-43 

68    34 

7-66 

27-85 

67     30 

8-38 

38-87 

64    42 

12-48 

4585 

60     48 

1709 

62-59 

68     11 

18-61 

67-61 

\  chemical  action  with  the  rise  of  the  sun  in  the  heavens 
that  the  solar  rays,  in  passing  through  the  air,  are  extin- 
fact  as  light ;  and  that  as  the  sun  rises  higher  above  the 
trough  which  the  rays  pass  is  constantly  being  lessened : 
rect  rays  reach  the  earth. 

which  the  direct  rays  of  the  sun  are  thus  absorbed  in  the 
>  experiments,  of  which  the  foregoing  is  onl^  an  example: 
be  sun  produces,  when  at  a  given  height>  is  knowB,  il  is 
on  which  it  would  produce  at  any  other  height, 
lemical  action  of  mrect  sunlight  may  be  thus  expressed : 
*tion  effected  at  a  point  upon  the  earth's  sur&oe  on  any 
solar  rays,  depends  alone  upon  the  suns's  senith-distance^ 
lumn  of  air  through  which  the  rays  have  to  pass, 
alts  agree  veiy  closely  with  the  sxperimeBtal  dat»— with 
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the  obMired  Mtion — ib  seen  by  comparing  the  nnmbeni  in 
obeerTed  and  calculated  action : 

Tabui  IL 


San**  senitb^lt- 

ChentMl  illmatnetloa  ofnui'i 

unee  at  time  of 

reel  rajft  at  the  earUi'i  taiiace 

obserTAtion. 

pre»»ed  in  degret  of  Htht. 

OtMerred. 

CakaUtod 

46^     9 

930 

96-4 

60    51 

89-2 

86-8 

67    36 

631 

67-9 

68    11 

67-6 

66*2 

60    48 

62-6 

68-8 

64    42 

46-9 

47-9 

67    30 

38-9 

86-6 

68    34 

27-9 

831 

71    37 

22-4 

246 

73    49 

155 

16-8 

76    30 

6-6 

9-2 

Probable  error  «  ±  2*7  degrees  of  ligli 

Knowing  the  law  which  Mgnlates  the  absorption  of  thi 
calcolate  what  the  action  would  be  if  there  were  no  atmoeph< 
of  the  rajs.  It  is  thns  fonnd  that  if  the  snn's  rays  were  no 
sage  through  the  atmosphere,  they  would  produce  an  illumin 
degreet  of  light;  or  they  would  effect  a  combination  in  one  n 
atmosphere  of  chlorine  and  hydrogen  on  which  they  fell  per] 
tX  hycuochloric  acid,  36*3  mHm  in  height.  The  sun's  rays  h 
larly  through  our  atmosphere  to  the  sea's  level,  effect  an  a 
metres;  or  three-fifths  of  their  chemical  activity  has  been  lo 
persion  in  the  atmosphere.  ^ 

A  large  number  of  most  interesting  conclusions  may  be  dra^ 
noticed.  Thus,  for  instance,  we  may  determine  the  chemic 
rays  will  produce  on  the  various  planets;  for  we  know  i 
chemical  illumination  varies  inversely  as  the  square  of  the  di 
the  Sim.  The  numben  in  Table  IIL  expnss  this  chemical  i 
and  in  heights  of  columns  of  hydrochloric  acid  called  light-mt 
much  the  sun's  chemical  action  varies  on  the  different  plan 
receiving  so  small  a  portion  as  to  render  it  impossible  that 
vegetable  life  which  we  here  ei\joy  can  there  exist 


Tablb  III.— Chemical  Action  produced  bg  Direct  Sunlt 

LIfl 

Mercury 

Venus 

0-387 
0-728 

2 

Earth 

1000 

Mars 

1-624 

Jupiter 

Saturn 

6-203 
9-689 

Uranus 

19-183 

Neptune 

80-040 

Interesting  conclusions  can  be  drawn  from  these  facts,  eonc 
the  chemical  rays  on  the  sur&ce  of  our  earth  in  different  J 
elevations  above  the  sea's  level  The  fiuther  removed  a  situ 
the  sea,  the  higher  up  in  the  atmosphere  it  is  placed,  the  a 
chemical  action  which  it  receives.  Thus,  in  the  highlands  of 
grain  flourish  at  a  height  of  fh>m  12,000  to  14,000  roet»  the  ch 
sunlight  is  1^  times  as  great  as  in  the  neighbouring  lowland 
the  same  way  we  can  calculate,  for  any  point  of  the  earth's 
known,  the  amount  of  chemical  action  which  the  direct  sun 
time  of  day  or  year.  In  Table  IV.  the  numbers  represent  the  c 
direct  sunlight  in  one  minute  at  the  places  and  hours  named,  on 
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imoira,  showing  the  rise  of  the  action  with  the  progress  of 
s.  By  comparing  the  numbers  in  the  table,  it  is  seen  how 
differs  at  Tarioos  points  on  the  earth's  surface ;  and  we  can 
kt  the  ktitude  of  Cairo,  where  the  chemical  action  of  the 
prreat  as  it  is  in  that  of  Manchester,  the  whole  flora  and 
al  and  Inxoriant  character. 

ietum  effected  by  Direct  Sunlight  in  One  Minute  on  the 
Femul  Equinox  at 


B. 

C. 

1>. 

E. 

F. 

G. 

00 

00 

00 

00 

00 

0-0 

002 

007 

0-22 

0-38 

0-89 

171 

1-53 

2-88 

6-86 

8-02 

13-31 

20-12 

662 

10-74 

18-71 

23-99 

36-88 

60  01 

13-27 

20-26 

32-91 

40-94 

68-46 

78-61 

18-60 

27-66 

43-34 

6319 

74-37 

98-33 

20-60 

30-26 

4716 

67-62 

80-07 

1053 

land. 

Iceland. 

urg. 

p. 


R  Heidelberg. 

F.  Naples. 

G.  Cairo. 


dMinioAl  AetloB  of  tbe  Constttaent  pmrtm  of  ttie 

the  purpose  of  measuring  the  chemical  activity  of  the 
spectrum  (as  regards  the  mixture  of  chlorine  and  hydrogen), 
d  the  sun's  rays  through  a  narrow  slit,  and  then  decom- 
a  through  two  quartz  pnsms.  The  spectrum  thus  produced 
white  screen  covered  with  a  solution  of  quinine,  and  any 
measured  by  a  finely-divided  scale  allowed  to  fall  upon  the 
ometer.  For  the  purpose  of  identifying  the  fixed  lines  in 
made  of  a  map  of  those  lines  made  by  Professor  Stokes. 
of  white  light  are  irregularly  absorbed  by  the  atmosphere, 
1  the  observations  quickly  one  after  the  other,  so  that  no 
e  column  of  air  through  which  the  rays  passed  should  occur, 
ical  action  effected  by  various  portions  of  the  spectrum  on 

Fiff.  708. 
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of  the  soda-flame  C,  by  help  of  the  eonvez  lens  D,  npon  the 
block,  it  IB  easy,  by  drawing  the  slide  backwards  and  forward 
point  at  which  the  upper  and  lower  halTes  of  the  circular  ) 
It  is  then  only  neceesaiy  to  read  off  on  the  scale  the  niiml 
which  the  paper  at  that  point  has  been  insolated,  in  order  tc 
shade  whicn  the  paper  in  that  time  has  attained.  To  ensure 
tions,  it  is  neeessair  that  the  eye  should  always  be  placed  in  c 
most  adrantageously  in  a  direction  nearly  perpendicular  to 
paper. 

By  help  of  this  soda-flame,  the  ooinddenee  of  shade  of  the 
standard  tint  can  be  read  off  with  the  greatest  precision, 
possibility  of  preparing  a  constant  sensitive  paper,  is  seen  by 
tables,  extracted  from  the  detailed  paper  printM  in  the  PhUi 
1863,  to  which  we  must  refer  for  positive  proof  of  the  delica 
the  method. 

Papers  variously  prepared  were  exposed  for  the  same  time 

Each  reading  is  tne  mean  of  several  observations ;  identi 
identity  in  the  shade,  and,  therefore,  the  constant  sensitivene 

The  standard  paper  is  prepared  by  soaking  photographic  pi 
mon  salt  of  given  strength  (3  to  100),  and  then  allowing  it  to 
silver  solution  (12  nitrate  of  silver  to  100  of  water).  When  the 
tion  varies,  the  sensitiveness  of  the  paper  alters  very  rapidly, 
of  the  silver-bath  produces,  on  the  contrary,  but  lime  change 
paper. 

Different  qualities  of  paper  and  alterations  of  atmospheric  i 
do  not  affect  the  sensitiveness  of  the  paper. 

1.  Ejffect  of  altering  the  Strength  of  the  SUver-bath.    Pajh 
containing  8  pt$.  Chloride  of  eodiwn  to  100  o. 


Nitrate  or  liWer  to 

ReuUngi 

lOOofvatw. 

Obter^er  A. 

12 

• 

128-6 

10 

, 

1287 

8 

128-7        .        . 

6 

• 

129-7 

2.  -5M  of  altering 

the  Strength  of  the  Salt 

Kaato 

Reading 

100  or  water. 

ObMnrarA. 

1 

, 

2-6         .         . 

2 

, 

96-7 

3        .        . 

, 

132-6 

4 

, 

1670 

8.  Experiment  ehowing  the  constant  Seneiiiveneee  oft) 


Paper. 

NaCI  to 
100  or  water. 

Inteniitj  No.  1. 

Obserrer  A. 

Observer  B. 

Upper  part  of  sheet  2 
Lower  part  of  sheet  2 
Middle  of  sheet  1      . 
Middle  of  sheet  3      . 

2-950 
8026 
8*026 
8000 

70-2 
70-6 
700 
70-0 

70-0 
698 
69-6 
70-4 

AH  these  papers  were  silvered  in  a  solution  containing  12 
100  of  water. 

In  order  to  measure  the  chemical  intensity  of  the  dayligh 
needed  is  to  expose  a  strip  of  standard  paper  in  the  pendidv 
number  of  vibrations,  and  then  to  find  upon  the  strip  thus  ei 
a  shade  equal  to  the  standard  tint  has  been  product  Befe 
time  of  exposure  necessary  to  produce  this  tint,  and  the  rec 
sents  the  intensity  of  the  acting  light.  If  the  time  neo 
chemical  intensity  would  be  } ;  if  the  time  were  \  second. 
In  this  way  curves  of  daily  chemical  intensi^  are  made, 
caused  by  elouds,  or  by  the  changing  altitude  of  the  sun.  T 
und  minima  exactly  corresponding  to  the  appearance  and  < 
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rence  between  the  son's  <*hemicsl  intensity  in  sammer  and 
ference  to  the  cnnres  on  fig,  101, 

Fig.  707. 
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B8  of  the  penduliim-photometer,  a  much  simpler  method  of 
e  has  been  arranged,  as  follows.  A  graduated  strip  made 
er  is  fixed  in  hyposulphite  of  sodium,  and  pasted  upon  a 
»ile.  The  shades  of  certain  points  on  this  fixed  stnp  are 
on  given  points  upon  a  graduated  strip  prepared  in  the  usual 
sulphite.  The  fixed  strip  is  thus  calibrated  in  terms  of  the 
it  may  then  be  used  as  a  means  of  measuring  the  chemical 
ses  of  the  standard  paper  are  then  exposed  for  a  given  time 
ired  to  measure,  until  the  shade  approaches  that  <^  a  part  of 
of  exact  coincidence  is  then  read  ofiT  by  tiie  soda  flame  as 
9  of  standard  paper  of  1  square  inch  of  area  will  serve  for 
1,  and  the  whole  arrangement  for  exposure  ma^  be  carried  in 
the  chemical  intensity  of  day-  and  sun-light  in  Manchester, 
ament  on  more  than  40  separate  days  of  the  year  1864,  fully 
i  ease  with  which  these  measurements  can  be  made,  and  the 
induces  the  writer  of  this  article  to  express  a  hope  that 
mts  may  be  introduced  into  meteorological  observatories. 
various  Points  on  the  8un*s  Surfaee, — The  determination  of 
>f  the  various  portions  of  the  sun's  disc  is  an  interesting 
thod  of  photometric  measurements. 

oced  on  a  3-inch  refractor,  the  writer  allowed  the  image  of 
I  in  diameter — to  &11  upon  the  standard  paper.  The  sun- 
»nts  interestmg  features :  in  the  first  place,  tne  chemical  un- 
ions are  8-6  times  as  great  as  that  of  the  portions  on  the 
!  kind,  in  the  case  of  the  luminous  and  calorific  rays,  has 
astronomers,  and  it  is  doubtless  caused  by  the  abeorptioii 
iphere. 

ire  obtained  by  measuring  the  chemical  brightness  at  various 
a  Ma^  9,  1863 ;  from  these  numbers  it  wiUbe  seen  that  the 
reiy  irregularly. 


BMioAL  BniosniBss  OF  Sun's  Disa 

S.  Ifto  Arom  edge  of 
•un'g  diic 

a.  Attheedteof 
iiin'ftdia& 

r.  Pole.       Bqaator.       8.  Pole. 
88-8      .      48-4     .    68-1 

52-8       .       —       .     66-6 

V.  Pole.       Equator.       &  Pole. 
18-7      .      80-2     .    28-2 

30-6      .       —       .    410 
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Bright  patches  of  ooluiidimble  area  were  seen  on  the  pid 
were  not  caused  by  irregularity  in  the  paper  or  in  the  leni 
thf  presence  of  clouds  in  the  luminous  atmosphere  of  the  si 
have  some  intimate  connection  with  the  well-known  phenon 
seen  during  the  solar  eclipse. 


Optleal  Ana  Olimnloal  Bsttnetloa  of  thm  Cnien 

determine  whether  the  act  of  photochemical  combination  (i 
hydrogen)  necessitates  the  production  of  a  certain  amoun 
which  an  equivalent  qnnntitj  of  light  is  expended,  or  whetl 
pendent  upon  a  restoration  of  equilibrium  effected  without  ai 
loss  of  light,  Bunsen  and  Rosooe  have  studied  thephenomei 
surfaces,  and  in  the  interior  of  a  medium  exposed  to  the  che 

When  light  passes  through  any  medium,  part  of  it  is  lost 
another  portion  by  absorption  within  the  medium,  so  that 
lieht  is  only  a  fraction  of  the  incident  light  This  is  1 
with  the  luminous  rays,  and  Bunsen  and  Bosooe  hare  < 
of  absorption  and  reflection  of  the  chemical  rays  for  sla 
passing  ught  from  a  constant  source,  through  cylinders  with 
dry  chlorine,  they  fbund  that,  with  a  given  length  of  cylind< 
rays  transmitted,  when  no  chemical  action  takes  place,  is 
dent  light  in  a  constant  ratio ;  or  in  other  words,  tne  absorp 
proportional  to  the  intensity  of  the  light  They  also  four 
chemical  rays  transmitted  raries  proportionally  to  the  densii 
If,  however,  the  light  passes  through  a  medium  in  which  ii 
also  excites  chemical  action,  it  is  found  that,  in  addition  to 
ready  spoken  o^  a  quantity  of  light  is  lost  proportional  U 
action  produced.  Thus  the  depth  of  pure  chlorine  gas  at  ( 
through  which  the  light  of  a  coal-gas  flame  must  pass  in 
is  found  to  be  173*3  mm. :  hence,  since  the  quantity  of  \i{ 
density,  the  depth  of  chlorine  diluted  with  an  equal  volume 
ing  and  chemically  inactive  gas  required  to  produce  an  exti 
mm.  But  when  the  sensitive  mixture  of  equal  volumes  of 
used,  the  depth  of  the  mixture  to  which  the  light  must  pene 
to  ^  is  found  only  to  be  234  mm.  Hence  Bunsen  and  Bo 
in  tkit  ease  absorbed  in  doing  chemical  work. 

Light  fk>m  other  sources  gives  results  similar  in  ehan 
amount  Difihse  light  of  morning  reflected  from  the  zenith  < 
to  ^  by  passing  through  45*6  mm.  of  chlorine,  and  through  73 
ture ;  dimiae  light  is  reduced  to  ^  by  passing  through  19*7  m 
57 '4  mm.  of  the  st^nsitive  mixture.  Hence  it  appears  that  1 
morning  light  are  absorbed  by  chlorine  much  more  quickly 
and  those  of  evening  light  with  still  greater  fkcilitv.  From 
the  chemical  rays  refle^ed  at  different  times  and  nours,  poe 
but  also  qualitative  differences,  similar  to  the  various  ooloui 
trum.  Photographers  are  well  aware  of  this  qualitative  difl 
know  that  the  amount  of  light  photometrically  estimated  giv 
chemical  activity ;  they  prefer  a  less  intense  morning  li^t 
for  taking  pictures. 

Photographic  Trantpareneg^  or  Diaetinic  Power  of  diffen 
been  mentioned  (p.  632),  that  the  chemical  rays  of  the  specti 
degrees  by  different  media.  On  this  subject,  some  important « 
made  by  Professor  W.  A.  Miller  (PhiL  Trans.  1863,  p.  1 
The  mode  of  observation  consisted  in  refracting  the  rays  wh 
parent  medium,  through  a  prism  and  lens  of  quarts,  and  r 
of  collodion  coated  with  iodide  of  silver  (p.  693),  whereby  i 
chemical  spectrum  was  obtained.  The  light  employed  was 
from  an  induction-coil  between  two  met^e  wires,  eeneral 
peculiarly  rich  in  chemical  rays,  yielding  a  chemicu  spect 
times  the  length  of  the  visible  spectrum.  The  following  are 
results  obtained: 

1.  Colourless  solids  which  are  equally  transparent  to  the 
in  permeability  to  the  chemical  rays. — 2.  Bodies  which  are 
rent  in  the  sohd  form,  preserve  their  transparency  in  the  li 
3.  Colourless  transparent  solids  which  absorb  the  chen 
absorptive  action  in  the  liquid  and  gaseous  states. — 4.  Pun 
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ompoandB  which  ctnnot  be  obttined  in  the  idid  Ibrm 
ach  experiments,  may  be  subjected  to  trial  in  aqneons 

t  the  photographic  transparency  of  a  few  of  the  Tariona 
>ar8  subjected  to  experiment : — 


3  TsANSPAIUUfOT  OB  DlACTINIC  FoWBB  OF 


LtqmidM,  0*76  In. 

Water 

74 

Alcohol      . 

63 

Batch  liquid      . 

36 

Chloroform 

26 

Benzene     . 

21 

Methjlic  alcohol 

20 

Amylie  alcohol  . 

20 

Oxalic  ether       . 

19 

Glycerin    .        .       s 
Ether         .        .        . 

18 

16 

Acetic  acid 

16 

Oil  of  turpentine 

8 

Sulphide  of  carbon     . 

6 

Trichloride  of  arsenic  • 

6 

Otuegm 

Oxygen 
Nitrogen    . 
Hydroffen  •        •        • 
Carbomc  anhydride    • 
Ethylene    • 
Mursh-sas  •        •        • 
Hydro^oric  add 
Coal-gas     . 
Benaene  Taponr  . 
Hydrobromic  add 
Hydriodic  add   •        • 
Sulphurous  anhydride  • 
Sulphydrie  add  .        • 
Air,  0*1  in.  pressure    • 


74 
74 
74 
74 
66 
68 
66 
87 
86 
28 
16 
14 
14 
74 


tained  upon  the  collodion  plate  commenced  in  each  case 
fum,  corresponding  with  a  spot  a  little  more  refhmgible 
le  line  H  100,  and  numbering  backwards  for  the  less 
line  at  84,  the  commencement  of  the  photograph  in  each 
16  limit  of  the  most  refrangible  rays  at  170*6. 
is  almost  always  exerted  upon  the  most  refrangible  rays ; 
t  gases  and  rapours,  chlorine,  bromine,  and  iodine, 
le  general  mle,  and  is  by  no  means  proportional  to  the 
'chlorine,  with  its  yellowish-green  colour,  cuts  off  the 
Ktremity  through  fully  two-thiras  of  the  spectrum ;  the 
off  about  one-nxth  of  the  length  of  the  spectrum,  the 
i  to  the  less  refrangible  extremity,  whilst  the  deep  riolet 
less  refrangible  rays  to  pass  fr«ely  for  the  first  fburth  of 
nble  absorption  ooenn,  and  afterwards  a  tethU  renewal 
sxhibited  towards  the  more  refrangible  end. 
unds  submitted  to  examination,  the  fluorides 


most  transparent;  then  fbUow  the  chlorides  of  the 
ne  earth-metals;  the  bromides  are  less  diadinic, 
f  diminution  in  this  respect  The  group  meet  remark* 
IS  that  of  the  nitrates.  Nitric  add,  whether  simply 
ned  with  bases,  has  a  spedflc  power  in  iurresting  the 
angible  portion  it  transmits  freely,  but  intercepts  the 
le  points,  whatever  salt  be  employed,  provided  the  base 
s  are  remarkably  diactinic 

yers,  absorbs  the  whole  of  the  more  refrangible  chemical 
r  that  lenses  of  quarts,  or  of  water  endoeed  in  quarta, 
of  glass  for  the  use  of  the  photographer.  This,  however, 
very  transparent  to  the  less  refrangible  portion  of  the 
id  the  violet  end  of  the  visible  spectrum  to  a  distance  as 
e  red  end  of  the  spectrum  is  below  it ;  and  these  rays  are 
and  powerful  chemical  rays  in  the  solar  spectrum,  which 
DgibUity  much  beyond  this  point;  whereas  in  the  elee- 
)le  rayn  predominate. 

diactinic  acids,  usually  fbmish  diactinic  salts ;  but  such 
s  of  the  silicates  aro  as  diactinic  as  nlica  itself  in  the 
ydrogen  is  eminently  diactinic;  and  iodine- vapour, 
t  colour,  is  also  largely  diactinic^  but  hydriodic  acid 
er  of  them, 
t  appear  to  act  mora  energetically  as  absorbents  than 

p.  606),  by  recdving  the  invisible  rays  upon  a  fluorescent 
lUe  alkaknds  and  the  glucoddes  are,  almost  witho«t 
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ezoiptioa,  mtiiuelj  opiqae  for  a  portioii  of  the  inTisible  r 
«Mfgj  ccmpmble,  finr  the  most  part,  to  that  with  whid 
tndiflo  or  madder,  abeorb  the  Tisibie  rays.  The  mode  of 
higUy  characteristic  of  each  compound,  and  (requentlj 
l)ody,  according  ae  it  la  examined  in  an  acid  or  an  alkalin 
The  qnality  of  the  rajs  refiected  from  polished  surfac 
cannot  be  predicted  from  the  deeree  of  Inminosity  of  tl 
though  not  the  most  brilliant  of  the  metals,  reflect  the  ch 
than  the  brilliant  white  surfaces  of  silver  and  speculum-i 
vfOkemiaiiy,  Srd  ed.  toL  ii.  p.  899.) 

iBflnaiio*  of  Uglit  npoB  Via 

The  important  eflfects  produced  by  sun-light  on  liri 
noticed.  Hany  experiments  have  been  made  for  the  puip( 
which  the  di£^nt  portions  of  solar  light  effect  upon  pla 
their  srowth.  The  subject  is  an  extremely  complicated  oz 
^xpenmenteBS  differ  widely.  Thus,  for  instance,  whilst  Pa 
rays  are  those  which  especially  determine  the  growth 
Draper  state,  as  the  result  of  their  experiments,  that  the  t< 
«re  those  whidi  act  most  powerfully  in  decomposing  in 
Mr.  Bobert  Hunt*  draws  Uie  following  conclusions  frroi 
•ubject: 

1.  The  luminous  rays  prevent  the  germination  of  seeds. 

2.  The  chemically  aotiye  rays  quiden  germination. 

8.  Light  acts  to  OTect  the  decomposition  of  carbonic  ad 

4.  The  luminous  and  chemical  rays  are  essential  to  th 
matter  of  leares. 

5.  The  luminous  and  chemical  rays,  independent  of  th 
derelomnent  of  the  reproduetiTe  organs  of  pUnts. 

6.  The  heat-radiations  corresponding  with  the  extrem 
facilitate  the  flowering  of  plants  and  the  perfecting  of  thei 

Vhotocimplijr. 

The  first  well-authenticated  attempts  to  produce  pictur 
•action  of  son-light  were  made  by  Thomas  Wedgwo 
the  year  1803 ;  f  but  it  would  appear  probable  from  recec 
ton  and  Watt  actually  obtained  sun-pictures  at  the  S 
▼ear  1799.  No  written  statement  of  the  method  employ 
howe^r,  as  yet  been  found,  and  we  must  therefore  still  givi 
the  credit  of  having  first  described  a  mode  of  obtaining  p 
Ug^t  The  method  adopted  by  Wedgwood  was  that  of 
IcAther  with  a  solution  of  nitrate  of  ailver.  By  this  means  h 
im  glass,  and  took  profiles,  and  Davy  even  succeeded  in  i 
Been  in  the  solar  microscope ;  but  neither  of  these  chem 
fuishaded  portions  of  the  picture  fr;om  being  coloured  by  e 
the  year  1814  M.  Ni^pce  examined  the  action  of  light  o; 
with  the  object  of  obtaining  an  unalterable  image  in  the  c 
to  a  certain  extent,  inasmuch  as  the  light  rendered  the  res 
Tents,  so  that,  by  the  subsequent  action  of  an  acid  on  the 
parts  upon  which  the  light  had  not  fallen  were  etched.  In  1 
an  account  of  his  experiments  to  the  Boyal  Society,  and  ii 
M.  Daguerre»  whonad  been  previously  but  unsuccessfully 
of  the  particulars  of  his  process.  The  two  investigators  i 
eommon,  proposing  many  different  modes  of  producing  the 
they  were  termed,  without  great  success,  untu  the  death  oi 
oontimOAg  his  experiments  after  this  event  with  the  en 
«nou^  to  discover,  in  1839,  the  method  which  bears  his  : 
and  pension  offered  by  the  French  government  for  the  die 
manently  fixins  the  image  formed  in  the  camera.  The  pi 
essentially  in  blowing  the  vapour  of  iodine  to  act  upon  a  { 
thus  becomes  coated  with  a  thui  film  of  iodide  of  silver;  t 


•  See  SrpnrtbT  Robert  Hunt  **0m  tke  mreMent  state  qfomr  Jtnom 
Olitr  Radiainmy  hrit.  Assoc  Rraoru  fur  1850. 
t  Joaraal  oi  Boyal  lastitutiou,  June  1802. 
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e  camflra,  lo  ammged  that  tlie  image  of  the  olgect  to  I 
jface,  which  thereby  nndaKgoes  a  change,  not  howeri 
lie  from  the  camera.  In  order  to  develop  the  ktei 
J  the  action  of  the  Ti^nr  of  mercniy,  which  produce 
ta  of  the  plate,  according  as  the  iodide  has  been  more  c 
e  light.  The  undecompoeed  iodide  was  then  dissolTo 
;  solution  of  hyposulphite  of  sodium,  and  the  picture  wa 
jice  Dagaerre's  time,  this  process  has  undergone  con 

r^  these,  we  may  mention  the  exposure  of  the  plate  t 
the  sensitiyeness  of  the  film  is  greatly  increased,  ani 
ipon  the  surface  of  the  film  during  the  process  of  fixinc 
>f  the  picture  are  rendered  more  effective.  For  the  detau 
I,  we  must  refer  the  reader  to  photographic  text-books, 
e  chemical  change  effected  by  the  light  on  the  iodc 
erstood,  but  it  is  evidently  analogous  to  the  chang 
mixture  of  chlorine  and  hydrogen  before  oombinatia 
photochemical  induction,  the  film  being  so  modified  a 
npodtion  when  brought  into  contact  with  the  vapour  c 
3  produced  varies  in  thickness  according  to  the  in 
on  of  the  light,  and  different  shades  are  therefore  seei 
reflected  light,  oorreaponding  to  the  lights  and  shades  c 

1  of  sun-pictures  on  paper  attracted  but  little  attentio: 
intil  the  ^ear  1839,  when  Mr.  Fox  Talbot  publishe 
ig."  This  oonsiBted  in  exposing  in  the  camera  a  pape 
>mmon  salt,  and  afterwards  washed  over  with  a  stron; 
he  image  thus  obtained  was  a  negative  one,  the  lisli 
^t,  and  the  pictures  were  fixed  by  immersion  in  a  amv 

en  made  in  this  process.  In  1841  Fox  Talbot  patento 
B  the  *'  Talbotype  or  Calotype  process,"  in  which  tb 
'  silver  by  dipping  it  first  in  nitrate  of  silver,  then  i 
as  prepared  is  not  sensitive  per  w  to  the  action  of  light 
shug  it  over  with  a  mixture  of  nitrate  of  silver  an< 
exposed  to  the  camera  for  two  or  three  minutes,  it  doc 
less  the  light  has  been  very  strong);  but  still  the  con 
n  change  by  the  influence  of  the  light:  for,  on  subsc 
he  mixture  of  aceto-nitrat«  of  silver  and  gallic  acic 
ntive  image  comes  out  on  it  with  great  diMtinctnesi 
the  paper  with  hyposulphite  of  sodium,  which  remove 
er  not  acted  upon  by  tne  light,  and  thus  protects  th 
exposure  to  light  The  negative  pictmre  thus  obtaine 
dng  it  between  two  sheets  of  blotting-paper  saturate 
mc^erately  heated  smoothing-iron  over  the  whole.  J 
ositive  pictures,  by  laying  it  on  a  ^eet  of  paper  prepare 
r,  and  exposing  it  to  the  sun. 

Le  progress  of  photography  is  the  substitution,  by  M: 
)f  iodised  collodion  spread  upon  glass  for  the  iodise 
»ss,  to  receive  the  negative  image  in  the  camen 
10  much  more  certain  and  rapid,  and  the  positive  pi( 
the  negative  by  printing  on  paper  are  found  to  be  fl 
when  the  transference  occurs  through  paper,  as  in  tb 
ethod  is  now  universally  employed.  In  this  process,  a 
ige  produced  in  the  camera  is  a  latent  one,  and  require 
Qch  as  pyrogallic  acid,  or  protosalphate  of  iron,  whicl 
xygen,  induces,  in  presence  of  nitrate  of  silver,  the  r^ 
de  to  the  metallic  state.  For  a  description  of  the  be; 
used  in  the  Collodion  method,  the  reader  may  consu 
^phic  Chemistry." 

tallic  salts  besides  the  salts  of  silver  are  acted  upon  h 
tions  of  many  of  these  salts  have  been  specially  studie 
lil.  Trans.  1840),  in  his  celebrated  Memoir  **  On  tli 
the  Solar  Spectrum ;"  and,  founded  upon  these  differei 
'  producing  pictures  have  been  described,  all  of  which  ai 
lU  description  of  these  method»,  we  may  refer  the  readi 
bt." 
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^  Sir  H.  James  and  Mr.  Ob  borne  of  Melbounie,  to  the 
d  zincographa  from  photographs.  Mr.  Osborne's  process 
it  paper  with  a  solution  of  acid  chromate  of  potassium  in 
>pared  paper  to  light  by  placing  a  negative  photograph 
I  exposure,  the  paper  is  placed  in  water ;  the  unchanged 
d  away,  and  thoee  parts  which  hare  been  acted  upon  by  th^. 

then  coated  with  lithographic  ink,  and  transferred  to  the 
e ;  the  prints,  obtained  by  transfer  in  the  usual  way,  are 
e. 

[>graphy,  founded  on  the  decomposition  of  gelatin  and 
bas  likewise  been  proposed.  The  action  of  light  on  this 
.  the  gelatin,  rendered  evident  on  immersins  ue  plate  in 
1  of  the  various  parts.  A  mould  of  Uiis  raiscKi  picture  is 
nd  a  copper  plate  is  made  from  the  gutta-percha  mould 
this  plate  is  again  copied  by  electrolysis,  and  from  this 
Its  are  struck  off     This  process  gives  the  means  of 

multiplications  of  the  same  subject,  but  the  impressions 

H.  E.R 

LLULOSS  (L  818). 

>  1032)  and  Fubl  (ii.  721). 

— A  brown  substance  obtained  by  Beichel  (Ueber 
;Ae  BettandthaUf  Leipdg,  1856)  from  old  Huanooo  cin- 
ined  by  Hesse  (Ann.  Ch.  Fharm.  dx.  341).  It  is  very 
» ;  the  solution  does  not  absorb  oxygen  from  the  air  at 
brown  substance,  boiled  with  caustic  pot^ish,  gives  off 
then  remainbg  in  solution  appears  to  have  the  composi- 
uinova-red  and  phlobaphene,  and  resembling  a  substance 
cinchona-bark.  Hesse  is  of  opinion  that  a  brown  humus' 
he  composition  C"H^O*,  and  eesentially  different  from 
19),  is  deposited  in  the  barks  of  cinchona  and  other  allied 

U  These  names  were  applied  to  a  volatile  liquid  of  van- 
it  about  60^,  obtained  frt>m  crude  wood-spirit  by  tzeatment 
subsequent  rectification.  Y o  1  c  k e  1  (Fogg.  Ann.  lixxiii. 
imposition  C^'H)';  but  the  analyses  made  of  it  by  other 
nd  Schweizer,  Liebig,  Kane,  andL.  Q-melin,  exhibit 
tage  of  carbon  differing  by  about  10  per  cent.\  and  I)  a  noer 
a  more  carefrd  investigation  of  crude  wood-spirit,  has 
variable  proportions,  of  methylic  alcohol,  acetone,  acetate 

0,  C«H**0'  -  \^H*^0**  ^^  ^^^  ^^  supposed  lignone 
Bee  Mbthtl-acral  and  Mbthtl-axjOohol.) 

ITX. 

having  the  angles  and  character  of  sphene  (Dufrenoj), 
Apennines. 

lext  artide. 

LXa.  Pritfet. — The  rij>e  berries  of  this  plant  oontatii« 
inn.  [8]  XXXV.  328),  a  crimson  colouring  matter,  liffulin, 

1,  either  pure  or  etherised,  but  insoluble  in  ether.  It  does 
»mposed  by  48  hours*  boiling  with  pure  water,  is  coloured 
ommends  this  reaction  for  detecting  acid  carbonate  of 
led  again  bj  adds.    It  has  not  been  obtained  pure. 

,  aorarding  to  Pol  ex  (Ardi.  Pharm.  [2]  xvii  76),  a 
Iract^  callM  ligustrin,  insoluble  in  etoer  and  in  abso- 
iter  and  in  dilute  alcohol,  forming  solutions  which  do  not 
ly  metallic  salts.  Strong  sulphunc  add  ffives,  with  ligM^* 
r,  changing  on  dilution  to  a  cornflower-blue  or  violet 
Lvet.  contain  man nite.    (Polex,  ^  ctY.    Kromayer, 

ixon  from  Preibram  in  Bohemia,  having  the  appesnil^ 

,  and  probably  a  product  of  the  decompoeition  of  iron 

)us,  earihv  substance  of  blackish'green  colour,  and  in  fine 

t  with  leex-irreen  colour  under  the  microecope.    Hardness 

YY 
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'  «  about  2.  Speciflc  gn,yitj  «  8*048.  A  spccimeD,  m  pore  u  oonld  b 
often  mixed  wiUi  iron  pyrites  and  ferric  hydrate),  gave,  by  analyni,  82*48 1 
and  oxygen,  and  10*20  water  (  «-94*20,  inclvding  1*96  carbonate  of  calcini 
pyrites),  agreeing  i^proximately  with  the  formola  (2Fe0.8SiO'.HH)).(] 

unSACnr.  A  snbetance  obtained  byBraconnot  (Ann.  Ch.  F 
from  the  garden-snail  (Limax  agrtdtu).  When  dir  it  forms  a  white  en 
<Tambled  between  the  fingers.  It  is  somewhat  soluble  in  cold,  movs  sc 
water,  soluble  in  boiling  iJcohol,  in  concentrated  hydrochloric  acid,  anc 
iine  liquors.  The  solution  in  cold  water  is  precipitated  by  tannic  acid 
limate,  neutral  lead-acetate,  ferrous  sulphate,  and  the  acetates  of  copper  i 
but  not  by  oxalate  of  ammonium.  Hy  diy  distiUation  it  yields  carb< 
nium,  and  leaves  charcoal  with  a  small  quantity  of  alkaline  ash. 

•LTMA».  Acoordingto  A.  Vogel  and  C.  Reischauer  ^N.  Jahrb. ! 
many  coloured  snails  of  the  genua  Limax  contain  a  colouring  matter 
violet  in  dilute  acid  solution,  brown  or  black  in  more  concentrated  i 
obtained  b^  macerating  the  animals,  freed  from  their  riscera,  with  dil 
and  precipitating  the  soiotion  with  ammonia.  The  brown  or  black  iri< 
tate  IS  insoluble  in  water  and  in  alcohol  The  nitric  acid  solution  gn 
%  crimson  colour,  then  becomes  colourless.  The  colouring  matter,  w£uo 
a  large  quantitj  of  phosphate  of  caldiun. 
'  lillWlalTMi  Syn.  with  GHRTSoun  (L  958)i 
Oxide  of  caldum  (see  Oalouic,  L  718). 

See  CHLOBnra  (I  904,  908)  and  ] 
(iu.  237). 

XAO,  OZ&  or.  C**Hi*.— The  volatile  oil  of  Ciinu  Linutta,  obt 
ling  the  torn  and  pressed  rinds  with  water  (L  100^^ 

laMMM'WliO'WWMf  OZ&  OV.  A  volatile  oi 
europaa^  by  distillation  with  water  (Brossat,  J 
with  ether  in  a  percolator.  The  amount  does  no 
than  water,  ybtj  volatile,  and  has  a  strong  odour  < 

fcIM»>TOM»  The  generic  name  of  all  rm 
their  principal  constituent  The  principal  accea 
.1.  Silica  and  alumina.  The  former  occurs  in  a 
crystalline  quarts;  in  compact  limestones,  sometin 
frequently  combined  with  alumina,  in  the  form  of  ( 
small  quantities  of  clay,  and  in  some  the  quantity 
the  limestone  then  passing  into  marl  Limeston 
calcium,  as  at  Qjelleoak  in  South  Norway. — 2.  Iro 
>  tipes  as  ferrous  carbonate ;  ^erally  only  in  smal 
nese :  either  as  manganic  oxide  or  as  mangiaous  c 
than  the  iron,  and  often  absent  altogether. — 4.  Maj 
accessory  couKtituent  of  limestones,  but  in  true  1 
per  cent.  When  the  proportion  is  lar]^,  the  lin 
'Stone  and  dolomite.—^.  Phosphoric  acid:  appeal 
veiy  inconsiderable  (quantity,  no  limestone  haviof 
than  0-2  per  cent  of  it— 6.  Alkalis,  namely  potas 
considerable  number  of  limestones  bv  Sen  ran 
Fehling  (ibid.  446).  Schramm  found  f^m  0*1 
part  as  carbonate,  in  smaller  quantity  as  chloride. 
•Umestones  about  8  per  cent  alkaline  carbonate.  . 
'  occurs  in  laiser  quantity  than  potash,  about  in  the 
7.  Organic  (bituminous)  matter,  probably  in  all  1 
line  ones ;  sometimes  in  mere  traceS)  sometimes  in 
anthraconite,  stinkstone,  and  bituminous  limeston 
Terr  oonspcuous. 

.    The  following  enumeration  of  the  sub-species  i 
from  Ur^9  Dictionary  of  Chemistry,  and  originally 

1.  Foliated,  limestone;  of  which  there  tun 
'  granular  limestone.  The  first  will  be  found  in  its  a 

Granular  foliated  limestone. — Colour  white^  of 
massive,  and  in  distinct  angulo-granular  concn 
pearly  and  vitreous ;  frtu*ture  foliated ;  translucent 
gravity  (of  Carrara  marble)  2*717.  It  generally  ph 
thrown  on  glowing  coals';  infusible ;  effervesces  wi 
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feeblj  tniuducent ;  as  hard  u  calcareoos  spar ;  cMwily  i 
Ita  conatitueota  ara,  Hme  60*8,  carbonic  acid,  47*6  ?  St 
qoantitiea  of  gypsum.  It  occurs  in  thin  layers  in  elay- 
berland ;  in  layers  and  reins  in  the  middle  district  of  S 
sometimes  cat  into  necklaces,  &c. 

Fibrous  calc-nnter.  Used  as  marble;  the  ancients  i 
the  alabaster-box  of  Scripture.    See  Caxc-siktbs  (i.  72C 

6.  Tufaceous  limestone,  or  Calc-tuff.  Colour, 
shapes;  enclosing  leaves,  bones,  shells,  ^;  dull;  fractur 
soft;  feels  rougn;  brittle.    It  is  pure  carbonate  of 
generally  in  the  neighbourhood  of  riTeis;  near  Starl^r 
pUces.     Used  for  lime. 

7.  Pisiform  limestone,  or  Peastone.  Colour] 
in  distinct  concretions,  which  are  round  granular,  comp 
thin  and  concentric  lamellar.  In  the  centre  there  is  a  bi 
of  some  mineral  matter ;  dull ;  fracture  even ;  opaque ; 
2  532.  It  is  carbonate  of  caldnm.  It  is  found  in  gr 
Carlsbad  in  Bohemia. 

8.  Slate-spar;  Schi^erspath,  Colour  white  of  yai 
distinct  curved  lamellar  concretions ;  lustre  glistening  ai 
soft;  between  sectile  and  brittle ;  feels  rather  greasy;  sim 
tuents  are,  carbonate  of  calcium,  with  three  per  cent  of  < 
in  primitive  limestone,  in  metalliferous  beds,  and  in  ve 
in  Assynt ;  in  Cornwall ;  and  near  Granard  in  Ireland. 

9.  Aphrite(L849). 

10.  Lucullite;  of  which  there  are  three  kinds — com 
0.  Compact  lucullite  is  rabdivided  into  common  or  bl« 

a.  I%e  eommon  compact.  Colour  ffreyish-black ;  massi 
mined,  uneven ;  opaque ;  semi-hard ;  streak  dark  ash-gi 
when  two  pieces  are  rubbed  together,  a  fetid  urinous  o 
creased  by  breathing  on  them.  It  bums  white,  but  fon 
sulphuric  acid.  Its  constituents  are,  lime  53'38,  carbonj 
nesia  and  oxide  of  manganese  0*12,  oxide  of  iron  0 
chloride  and  sulphate  of  potassium  with  water  2*62  (Joh 
in  primitive  and  older  secondary  rocks.  HiUs  of  this  u 
Assynt  in  Sutherland.  Varieties  of  it  are  met  with  in  '. 
the  counties  of  Cork  and  Ghilway.    It  is  the  Nero  aniico 

$.  StinksUme  or  Sunnestone.  Colour  white  of  man; 
black,  and  brown ;  massive,  disseminated,  and  in  distini 
fracture  splintery;  opaque;  semi-hard;  streak  greyish-^ 
friction ;  brittle  ;  specific  gravity  2*7.  The  same  chemia 
Its  constituents  are,  88  carbonate  of  calcium,  4*13  sili( 
lion,  0*68  oxide  of  manganese,  0*80  carbon,  0*58  hme ;  m 
(John).  It  occurs  in  beds,  in  secondary  limestone, 
secondary  gypsum  and  beds  of  clay.  It  is  found  in  t 
resting  on  rea  sandstone,  and  in  the  parish  of  Kirbean  i 
for  burning  intQ  lime. 

b.  Prismatic  (ueuUite,  Colours  black,  grey,  and  brov 
distinct  concretiena;  external  sui^ftoe  sometimes  streal 
eleavafle  threefold;  translucent  on  the  edges ;  semi-hard 
rubbed  it  emits  a  strongly  Ibtid  urinous  smell ;  specific  g 
is  boiled  in  water,  it  giTss  out  a  transient  hepatic  odour, 
alkaline.  It  dissolves  with  effervescence  in  nydrochloric 
siduum.  Its  constituenta  xesemble  those  of  the  preoe 
brown  dolomit«v  At  Building-hill  near  Sunderland.  It  % 
porite. 

c  Foliated  OT  sparry  lueuUite.  Colours  white,  grey,  and 
and  crystallised  in  acute  six-sided  pyramids ;  internal  1 
rhomboidal;  translucent;  semi* hard;  brittle;  emits  < 
specific  gravity  2*65.  In  other  respects  similar  to  the  p] 
at  Andrasberg  in  the  Harts. 

11.  Marl ;  of  which  there  are  two  kinds,  earthy  and 
zrey  colour;  consists  of  fine  dusty  particles,  fSdebly  cohe 
ught;  efibrvesces  with  acids;  and  emits  a  urinous  si 
oonstitnents  are,  carbonate  of  calcium,  with  a  little  alumimi 
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mm  fbrmfttiont  in  ThuringU  and  Mansfeld. 
e,  TMicoUr,  or  in  fiattenra  balls ;  containi 
he  laige  maasM  slaty ;  yields  to  the  nail ; 
lis  meagre;  specific  gravity  2*4.  It  inta- 
a  greenish-black  slag.  It  effen-esces  with 
Jcium  50,  «ilica  12.  alumina  32,  iron  and 
■8  in  beds  in  the  secondary  fluetz  limestone, 
land  and  England. 

;reyish-black ;  massive,  and  frequently  with 
stening;  fracture  slaty;  opaque;  shining 
;ravity  2*66.  It  is  said  to  be  carbonate  of 
It  occurs  in  fioets  limestone.  It  frequently 
and  fossil  remains  of  cryptogamous  plants. 

Tohl,  N.  Ber.  Arch.  Ixxiv.  16).— An  acid 
dds,  by  treating  oil  of  lime,  or  oil  of  rose- 
i  sulphuric  acid.  As  soon  as  the  action  is 
dd  tne  limettic  acid,  which  separates  as  a 
lution  in  aqueous  carbonate  of  potassium, 
isation  from  alcohol 

ilises  when  heated,  and  forms  a  ciystalline 
te  nor  smell ;  dissolves  sparingly  in  VKtUr, 

f  adding  nitrate  of  silver  to  the  acid  neu- 
uringly  soluble  in  water  and  bUckening  on 

bained  in  the  pips  of  oranges  and  lemons, 
iuble  in  water,  ether,  and  ammonia ;  easily 
i  potash-solution  it  is  precipitated  b^  acids. 
)uid,  from  which  the  limonin  is  precipitated 
alteration.  It  melto  at  121^,  and  solidifies 
line  to  Schmidt's  analysis  (calculated  with 
itains  66*04 — 66*62  per  cent  carbon,  and 
duced  the  formula  C«H»»0'».  (Bernays, 
inn,  Cb.  Pharm.  U.  338.) 
wu  Suquioxtdt  of  Iron     (See  Ibov,  oxidw 

xnu  SufpkaU  of  Lead,  CuprtouM  AngiuiU^ 
ystals  belonging  to  the  monoclinic  system. 
S.  Lustre  vitreous  or  adamantine.  Colour 
lucent  Fracture  ooncho'idaL  Analysis  by 
of  copper,  4*7  water  «  98*1 ;  by  Thomson, 
and  6*6  water.  It  occurs  at  Lmdhills,  also 
Is  sometimes  an  inch  long;  at  Linares  in 
cerusite,  a  chanffn  like  that  of  anglesite  to 
-Thomson,Phil. Mag.  1840 ;  seep. 402.— 


isting  of  arsenite  of  copper  with  basic  sul- 
icconiing  to  L  i  n  d  a  c  k  e  r '  8  analy  sis  ( Jahrb. 

6*44  S0«,  1616  NiO,  2*90  FeO,  and  9*32 
le  formuk  2Cu(AsO*)*.NiSO'.2N)0.8H-0. 
6.     Lustre  vitreous.     Colour  verdigris  to 

It  dissolves  after  longer  heating  in  hydro- 

I  Z«««m  catAarfteiim  (P  a  g  e  n  s  t  e  c  h  e  r,  Ann. 
iv.  924).  According  to  C.  Schroder  (N. 
>aring  it  is  to  digest  a  considerable  quantity 
the  filtered  yellow  liquid  with  hydruchlorio 
luspended  in  the  liquid ;  agitate  with  ether, 
le  etbereal  solution.  It  forms  small  white 
n  water,  dissolving  very  sparingly  in  water, 
less  easily  in  acetic  acid  and  in  chloroform. 
Icoholic  solution  intensely  and  persistently 
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bitUr.   Linin  melti  and  deoompotei  vImd  heated.    It  ^tm  hj 
cent  caiboo  and  4*72  hydrogen ;  does  not  eyolTe  ammonia  wh«n  1 
lime. 

ITB.    Natiye  solphide  of  cobalt 

rO&BZO  AOni.    PapaveroUie  add,   DvekenSUSure^—C^. 

and  Bondet,  Ann.  Ch.  Fhys.  [2]  liz.  48.— Laurent^  Md,  Ixr.  160 1 
Ann.  Ch.  Pharm.  xxxiii.  118.-  Sacct&Mf.  11 214.— Schuler,  ibid.ci 
manns,  Jnn.  Scheik.  Ondenoek.  L  Stok.  184. — GnLXvi.  806\. — ^An 
in  linseed  and  poppy  oils,  and  perfaane  alao  in  other  drying  oils.  T( 
oil  (or  poppT  oil}  is  saponified,  and  the  soap  purified  by  repeated 
which  it  is  dissolTed  in  a  large  (jnantity  of  water,  and  thrown  dof 
chloride  of  caldnm.  The  precipitated  calciam-aalt  is  washed,  pre 
in  ether,  which  dissolves  ont  the  linoleate  of  caldmn,  and  leaves  th 
fat^  adds  undissolved.  The  ethereal  solution  is  decomposed  bj 
ado,  whereby  the  linoleic  add  is  separated,  and  remains  dissolTea 
solution  is  drawn  off,  and  the  ether  nistiHed  at  as  low  a  temperatu 
stream  of  hydrogen.  There  then  remains  dark-TcUow  linoleic  add, 
in  alcohol,  and  predpitated  by  ammonia  and  chloride  of  bariuoL 
after  being  wasned  and  pressed,  is  disserved  in  ether,  and  the  w 
ffradually  formed  in  the  siolntion,  are  repeatedly  reoystallised  fron 
barium-aalt  the  add  is  separated  by  agitating  with  ether  and 
pipetting  off  the  ethereal  layer  of  liquid,  and  distilling  off  the  eth 
Tacuum  over  oil  of  vitriol  and  a  mixture  of  lime  and  ralphate  of  in 
mmilar  method  is  employed  by  Oudemanns,  who,  however,  prefen 
linoleat«  of  sodium  by  chloride  of  caldum  in  a  strongly  ammoniac 
digests  linseed  oil  with  oxide  of  lead  and  water,  at  a  gentle  heat;  ezh 
greasy  soap  with  ether,  which  leaves  margarate  (palmitate  aocordin| 
a  little  basic  linoleate  of  lead  undissolved;  evaporates  the  ethei 
decompoees  the  residue  with  hydrochloric  add.  The  add  thus  obtai 
boiling  water,  dissolved  in  ether,  and  recovered  by  evaporating  th< 
decomposes  the  lead-sslt  with  sulphydrio  add,  and  eztnets  the 
ether. 

ProperUes. — ^linoleic  add  is  a  fiunt-yellow,  limpid  oil,  of  spedfic 
14^,  having  a  high  refractive  power,  and  a  weak  add  reaction.  It  < 
199 ;  tastes  mild  at  first,  aftenrards  harsh  (Schuler).  It  is  more 
oil  (Oudemanns).  It  is  insoluble  in  water,  but  dissolves  readily  J 
in  alcohol. 

Decomposiiiona — 1.  On  standing  in  the  air  for  t«i  weeks,  the  s 
cent  oxygen,  and  becomes  visdd  and  tough  (Schuler).  It  takes  u 
fresher  it  is,  and  thickens,  so  that  at  last  it  will  scarcely  flow,  but ; 
and  does  not  evolve  carbonic  acid  (Oudemanns).  A  thin  layer  o 
the  air  forms  a  varnish;  on  glass  it  only  becomes  tough  (Schul 
potaanum  or  sodium,  containing  an  excess  of  alkali,  exposed  in  the  i 
to  the  air,  absorbs  oxygen  ffreedily,  and  becomes  yellow  and  dry ;  i 
water  with  dark  brown-red  colour,  and  depodts,  on  addition  of  h; 
brown  greasy  redn,  similar  to  that  produced  by  the  action  of  nit 
2.  By  dry  dUstillaiioHf  products  are  formed,  different  from  those  yii 
(Laurent). — 8.  With  nitric  acid,  the  add  swells  up  oonmderably,  i 
resin,  suberic  add,  and  a  little  oxalic  add,  the  last  probably  deri^ 
ether  (Sacc).  Nitrous  acid  and  mercurous  nitrate  do  not  form  elaidi( 
acid.    (Pelouzeand  Boudet;  Laurent;  Schiiler;  Oudema: 

Linoleatet. — The  mono-acid  salts  are  difficult  to  obtain  pure,  an< 
too  small  a  proportion  of  base,  on  account  of  their  easy  convert 
(Schuler,  Oudemanns).  They  are  white^  for  the  most  part  nn 
separate  from  their  hot  solutions  in  flakes;  by  spontaneous  eva; 
obtained  in  the  form  of  a  jelly.  When  exposed  to  the  air,  they  bee 
odorous.    They  are  soluble  in  alcohol  and  ether.    (Oudemanns.) 

Barium-Mlt, — The  salt  produced  by  mixing  chloride  of  barium  wit 
a  large  excess  of  ammonia  has  been  added,  contains  a  portion  of  ba 
1204  to  24  per  cent  (CwH»«Ba*'0*  =  2846  per  cent  BaO).  It  is  whi 
alcohol  on  cooling  in  microscopic  crystals,  and  from  eth«r  on  sponta 
in  more  distinct  crystals.  When  exposed  to  the  air,  or  when  ] 
boiling  with  alcohol,  it  becomes  yellow  and  stid^y.  It  dissolves  ve 
le»8  easily  in  alcohol ;  and  is  insoluble  in  water.    (Oudemanns.) 

The  ceicium'talt  resembles  the  barium-salt    It  was  only  once  ol 
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iniBg  9-72  per  eeDt.  OaX)\  ud  mostly  eontained  a  mnaller 

roannt.) 

h-green,  insoluble  in  water,  and  near!/  00  in  alcohol 

>ltes  a  large  quantity  of  oxide  of  lead,  and  ibrms  there- 
188 ;  with  a  sooaller  quantity  of  oxide  of  lead  it  forms  a 
lure  to  the  air,  remains  for  a  long  time  greasy,  and  of  the 
lebig).  The  ethereal  solution  of  the  lead-salt  becomes 
,  and  throws  down  a  white  basic  salt,  upon  which  an  add, 
deposited  ;  this  last  smells  like  linseed-oil,  and  shows  a 
ysis.  £xpo8ed  to  the  air  in  thin  layers  upon  wood,  lino- 
Tamish,  but  strips  off  in  scales.  (Saec) 
[>luble  in  water. 

yer  throws  down,  from  the  sodium-salt,  a  white  precipitate, 
■eduction  of  silver.  It  dissolves  readily  in  aqueous  ammo- 
e  solution,  a  portion  ciystallises  out;  another  portion  is 
liquid  black.    (Oudemanna) 

icid  is  dissolved  in  caustic  sooa,  salted  out  with  chloride 
e  residue  is  freed  from  chloride  of  sodium  by  dissolving  it 
I  solution,  an  add  salt  is  obtained  containing  7*5  per  cent. 
>  formula  2C"H"NaO«.C'«H"0» ;  by  calculation.  7*76  per 

in  water. 

of  the  flax  plant  {Linum  tuitaHsstmum).    The  fbUowing 

¥ay  (Joom.  Boy.  Agr.  Soc.  z.  pt  2.) : 

Compimiion  ofLitueed, 

Nitrogen,  Fat,  Aih.  Water, 

per  cent,      per  cent,  per  cent,  per  cent* 

.        .        .    8-60  84*70  6-26  946 

.    8-38  3600  3'66  874 

I          .        .    8-81  88*42  6-64  10*22 

.     4*60  86-66  2*68  12-38 

.     6*28  82*77  8-30  1100 

.     4*26  33*60  408  10*68 

.     4*29  8811  4*03  8*67 

>tained  by  expressing  the  fixed  oil  from  linseed  grown  in 
an  amount  of  nitrogen  varying  from  392  to  6*25  per  cout., 
?Dt.,  ash  from  6*46  to  22*66  per  cent,  water  from  6*66  to 
ity  of  albuminous  substances  calculated  from  that  of  the 
nples  from  26  to  above  36  per  cent 
gr.  Soc  J.  new  series,  No.  69,  p.  376)  found  in  linseed, 
34*00  oil ;  30*78  gum,  sugar,  and  cellidose ;  3*33 ;  ash  and 

XX.  96)  has  analysed  the  several  parts  of  linseed  with  the' 

ad  soluble  salts 14 

rin  and  fixed  oil         .......       1 

2 

insoluble  in  water  and  in  ether  .        .        .        .4 
dn  and  fixed  oil 6    ' 

.;....         2 

soluble  in  water        ......      3  . 

insoluble  in  water  and  in  ether  .        .        .        .12 

jH 30 

6 

'  soluble  in  water 3 

'  insoluble  in  water  and  in  ether.        .        .        .18 

100 
r  linseed,  see  Flax  (ii.  667). 

large  quantity  of  mucilage,  which  is  deposited  in  the 
epidermis,  and  swells  up  when  the  seed  is  macerated  with 
le  cell-walls.  1  pt.  of  linseed  boiled  with  16  pts.  water  yields 
t>  be  drawn  out  into  threads,  and  formihg  a.iUirk-coloun'd. 
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mu»  when  drj.  This  erode  mneiUge  oontaini,  in  •dditioD  toth«  tzM 
l«ge,  alio  Ifgomin,  albomin,  an  oiguiic  acid,  perhaps  malie  acid,  and  ■< 
chif^j  lime,  potash,  and-  iron,  partly  as  phosphates^  putij  nnited 
carbonic  acid.  Linseed  mudlaae,  precipitated  bj  alcohol,  gaTe  11  p( 
taining  4  per  cent,  carbonic  acid  (Schmidt,  Ann.  Ch.  Phann.  11.  29). 

IbKMUMMD  onk  The  fixed  oil  expressed  from  the  seeds  of  Unh 
may  be  taken  as  the  type  of  the  class  of  oils  called  drying  oils,  fro; 
of  drying  np,  when  exposed  to  the  air,  to  a  transparent  resinous,  ] 
They  probably  all  resemble  linseed  oil  in  oontAining  a  glyceride  of  linol 
withpalmitiD  (and  perhaps  stearin),  by  the  varying  proportions  of  which 
are  oetermined.  In  the  impure  state,  they  contain  also  mncns,  gui 
toeether  with  a  yellow  colooring  princi|>le  possessed  of  taste  and  smel 

The  cold-pressed  oil  of  fresh  linseed  is  pale  yellow,  and  without  dii 
The  commercial  oil  is  dark  yellow,  and  has  a  sh^rp  penetrating  i 
Specific  gravity  at  IS*'  -  0*9347  (Schiller,  Schubler),  0*9337  ( 
Jahresber.  1859,  p.  701) ;  other  statements  vaiy  between  0*928  and 
gravity  at  12<'  -  0*9396;  at  26<'  -  0*931  *,  at  6OO  -  0*9125;  at  94<»  - 
water  at  15°  being  taken  as  unity  (Saussure).  It  does  not  solidify  at 
(Gusserow),  nor  at  —  28^  (Brandis);  according  to  Schiiler,  it 
solid  £it  at  —  18°.  Itoontiuns,  on  an  average,  78*11  per  cent  C,  10-91 
(Sacc);  the  cold-drawn  oil  contains,  on  an  average,  75*17  per  cent 
13*86  0,  corresponding  to  the  formula  C»£PO*  (Lefort).  (See  San 
Ann.  Ch.  Phys.  [2]  xiii.  338.) 

It  contains  margarin  (palmitin,  according  to  Schiiler;  steari 
Unverdorben),  and  a  slycende  of  linoleic  acid  (Sacc).  By  saponifi< 
^th  margarate,  and  Xths  linoleate  of  lead  (Gnsserow,  Kastn.  Arch. 

Linseed  oil  exposed  to  simshine  for  some  weeks,  in  contact  with  an 
of  an  equal  weight  of  protosulphate  of  iron,  becomes  limpid  and  oolot 
to  the  air  in  thin  layers,  it  dries  up  to  a  transparent,  resinous,  moderat 
resembling  caoutchouc ;  when  heated,  however,  it  does  not  melt,  bui 
bums  (Leucho,  Kastn.  Arch,  iil  107)  A  pe<niliar  fat  is  produced  a 
together  with  a  crumblv  substance,  insoluble  in  ether  (Hoppe,  J.  ] 
117).  Mixed  with  chalk  so  as  to  form  a  powder,  and  exposed  to 
weeks,  it  dries  up  completely,  and  on  dissolving  out  the  carbonate 
hydrochloric  acid  and  exhausting  the  residue  with  ether,  a  whi 
consistence  of  tar  is  obtained,  which  behaves  like  oleic  acid  altered  bj 
air.  There  ramains  behind  resinous  linseed  oil  in  the  form  of  a  yell( 
rate  mass,  which  is  insoluble  in  alcohol,  ether,  volatile  and  fixed  oils, 
alcoholic  hydrochloric  acid  into  a  tarry  substance,  and  dissolves  ii 
(Unverdorben,  Schw.  J.  xvii.  246X 

Impure  oil,  containing  mucus  or  albumin,  becomes  rancid  in  the  a 
in  sunshine,  and  has  then  a  repulsive  <>dour  and  taste,  a  dark  < 
reaction.  Concerning  the  formation  of  ozonised  oxygen  in  the  oxidatii 
see  Schonbein  (J.  pr.  Chem.  Ixxiv.  838).  When  the  oil  is  boiled 
till  it  loses  about  }  of  its  weight,  it  becomes  thicker,  tenacious, 
dries  up  still  more  readily  than  in  the  fresh  state  to  a  tough,  tuipe 
scarcely  soluble  in  oils:  Printer^  vamiah,     (See Imc,  p.  272.) 

Linseed  oil  (also  nut  or  poppy  oil),  heated  to  about  323°— i 
and  bums  quietly,  without  further  beating  from  without,  till  tar  or  d 
If  the  burning  be  interrupted  by  closing  the  vessel,  there  remains  a  bi 
like  body  which  may  be  used  as  birdlime.  When  this  substunoe 
tinuously  with  water  containing  nitric  acid  (water  being  added  to 
Tiolent  action  of  the  add),  an  odour  of  acrolein  is  constantly  e 
substance  becomes  solid,  of  the  consistence  of  plaster,  resembles  India 
longer  sticks  to  the  fingen.  It  is  then  not  completely  fusible, 
emulsion  in  sulphide  of  carbon,  shrinks  when  boiled  with  conci 
potdsh,  dissolves  only  on  addition  of  water,  and  is  again  precipitated  f 
py  acids.  This  substance  is  soluble  in  alcoholic  potash  and  precipits 
swells  in  ether  free  from  alcohol,  and  jMirtly  dissolves  in  a  Isrger  ^n 
alcohol  precipitates  it  from  the  solution.  In  rock-oil  it  swells  witl 
^so  in  a  little  oil  of  turpentine,  but  dissolves  completely  in  a  laigi 
remains  unaltered  on  evaporation.  Linseed  and  nut  oils  yield  eight 
much  of  this  caoutcbouc-like  substance  as  poppy  oil  (Jonas,  N.  Br. . 
J.  pr.  Chem.  zzxvii.  881). 

Xiinseed  oil  submitted  to  dry  dUUUaticn  gives  oC  without  boiling 
which  condense  to  a  eolouriess  oil,  having  an  odour  of  bread ;  00  the  ( 
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boil,  expands,  and  yields  a  distillate  of  brown  em- 
retembling  jelly  and  caoutchouc  remains  behind. 


linseed  oil  with  red  colour,  partially  crystallisinff  on 
e  oil  takes  np,  with  evolution  of  sulphirdric  acid,  ^tb  its 
therewith  a  brown  viscid  mass:  faiiy  hdtam  of  sulphur » 
X,  N.  Br.  Arch.  ii.  15 ;  also  Reinscb.  J.  pr.  Chem.  xlii. 
^nium  (Berzelius);  it  dissolves  nearly  ^th  areenious 
heavier,  precipitable  by  oil  of  Titriol  and  hydrochloric 
is  (W.  Henry,  Schw.  J.  ii.  636).  Phosphorus  boiled 
trlet  colour  (Reinscb.  J.  pr.  Chem.  xiv.  257).  Heated 
)horus  to  75^,  the  oil  becomes  brown-black,  and  after 
ance  insoluble  in  linseed  oil;  ^th  phosphorus  forms  a 
i  drpna  oils.  (Jonas,  N.  Br.  An:h.lxx.  139.) 
I  with  )rd  iodine,  there  pass  oyer,  first  iodine,  ih«*n  an 
rown  bT  iodine ;  afterwaitls  white  Tapours  of  hydriodic 
a  thick  yellowish  oil,  and  at  last  charcoal,  containing 
J.  pr.  Chem.  xiv.  263.) 

obtained  by  drenching  the  •  il  with  8  or  10  parts  of 
0^  and  80°,  and  adding  bromine  by  drops  as  lon^  as  the 
le  excess  of  bromine,  if  necessary,  by  further  addition  of 
rashed  with  warm  water  and  dissolved  in  ether;  the 
h  warm  water,  and  the  brorainated  oil  thus  freed 
im,  smeUs  like  linseed  oil  when  heated,  has  a  specific 
i  contains  40*77  per  cent,  bromine,  corresponding  to  the 
\Ud  linseed  oil,  prepared  in  like  manuer,  is  a  dark-yellow, 
tv  1*088  at  6-6°,  and  contains  22*62  per  cent  chlorine 
Pharm.  [31  xxiii.  343.) 

15  pts.  chloride  of  sulphur  with  100  pts.  linseed  oil, 
obtained,  which  are  the  harder  the  more  chloride  of 
I  not  attacked  by  moderateljjr  dilate  acids  and  aqueous 
onified  by  concentrated  alkalis.  They  become  brown  at 
it  a  higher  temperature.  The  addition  of  6  per  cent, 
inseed  oil,  but  does  not  cause  it  to  harden ;  the  product 
le  fatty  oils.  When  to  a  solution  of  1  pt  linseed  oil  in 
>n,  a  quantity  of  chloride  of  sulphur  is  added  equal  to 
lie  mixture  remains  fluid  for  some  days,  and  dnes  up 
rrsi   Compt  rend.  xlviL  878;  see  also  Compt  reno. 

py  phosphoric  acid,  linseed  oil  becomes  browniah-yeUow 

colours  it  yellowish-brown  (Gaultier  de  Claubry), 
!h,  van  Kerckhoflf);  it  coagulates  the  oil,  colours  it 
and  evolves  sulphurous  and  formic  acids;  and  there 
ropy,  saponifiable  mass  (Sacc).  From  this  last,  water 
I  which  precipitate  gelatin :  Hatchttfs  artificial  tannin, 
i  oil  with  1  volume  sulphuric  acid  of  speci6c  gravity 
asly,  becomes  ereen  in  16  minutes  (Calvert).  When 
ith  7^  m.  sulfuric  acid  containing  90  per  cent  H^0\ 
( F e n Ii n g,  Dingl.  pol.  J.  cxxix.  63. ) 
Fuming  nitric  acid.  Linseed,  hemp,  and  poppy  oils  take 
with  dilute  nitric  acid  an  addition  of  sulphuric  acid  is 
>rou8ly  shaken  mixture  of  linseed  oil  with  j[th  its  volume 
f  1*18  to  1*22,  becomes  yellow  in  5  minutes;  with  acid 
to  brown ;  with  nitro-sulphuric  (equal  parts  of  oil  of 
Calvert»  PhiL  Mag.  [4]  vii.  101 ;  J.  pr.  Chem.  Ixi.  854). 
rm.  xiii.  203.  Linseed  oil  shaken  with  water  and  very 
d  after  some  time,  and  converted  into  a  varnish  (Aim. 
»  4  drams  of  strong  nitric  acid  into  a  hundredweight  of 
nt  is  formed,  with  frothing,  and  the  oil  is  changed  to  a 
(Jonas,  Ann.  Ch.  Pharm.  xxxiv.  238).— A  mixture  of 
imercial  nitric  acid,  heated  with  4  times  its  bulk  of  water, 
p,  evolves  nitric  oxide,  and  forms  a  tough,  elantic  resin. 
id,  and  the  mother-liquor  oxalic  and  su^ric  acids.  Tha 
again  becomes  oily,  and  is  then  decomposed  (the  mar- 
th  formation  of  suberic  and  pimelic  adds  snd  a  volatik 
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ffttty  saUlaiiee  harin^the  odour  of  butyric  mdd  (Saoe).-^With  nii 
oil  doefl  not  form  elaidie  acid.    (Pelouce  andBoudet.) 

In  contact  with  aquAous  ammonia  and  alcohol,  it  is  atta^ed  wi 
yields  a  amall  qnanti^  of  warty  cryatals  of  an  amida  wfaidi  mrita  at 
97^,  and  diaaolyea  easily  in  alcohol ;  it  contains,  on  an  aTerage,  76*36 
H,  and  5*03  N,  and  has  therefore  the  composition  of  mazgaraadde, 
identical     (Bowney,  J.  pr.  Chem.  Ixyii.  169.) 

Linseed  ml  yields,  with  alkalis,  a  yor^  soft  soap.  On  heating  wit 
of  caustic  soda  of  specific  grayity  1*34,  it  turns  yellow  and  remains 
By  distillation  with  an  excess  of  alkali,  it  eyolves  hydrogen,  together  ^ 
and  yields  a  green  distillate.    (AL  MuUer,  HatuheorUrb^  yi  874.) 

P^tasnum  and  sodium  oxidise  in  linseed  oil  somewhat  more  qnickl; 
oils,  with  formation  of  soap.    (Oay-Lussac  and  Thinard.) 

Linseed  oil  is  oxidised  with  peculiar  facility  by  acid  ekromaie  i 
dilute  sulphuric  add,  and  yields  an  acid,  stron^y-smelling  distillate 
Ann.  Ch.  Pharm.  Ixxiii.  199.) 

It  dissolyes  oxide  of  lead  when  heated,  and  is  decolorised  thereby  i 
easily  drying,  forming  what  is  called  boUed  oil  fsee  Liebis,  Ann.  C 
110 ;  W.  Henry,  Scher.  J.  il  636 ;  Schindler,  K.  Br.  Arch.  xlL  ue 
HandtDorterb,  iii.  123^.  When  shaken  with  batio  acetate  of  lead  a 
throws  down  a  turbid  mucus  containing  oxide  of  lead,  aboye  whicfc 
nish  containing  4  or  6  per  cent  oxide  of  lead.  Exposed  to  the  si 
mercuric  oxide,  it  reduces  the  mercury  to  a  liquid  mass  (Fuchs, 
XX.  200);  pardal  reduction  takes  place  in  strong  sunshine,  the  oxide  b 
grey;  but  it  is  only  when  heat  is  applied,  that  a  small  quantity  of  ] 
(Ann.  Ch.  Pharm.  xx.  200.) 

Linseed  oil  dissolyes,  according  to  Bucholz,  in  about  6  pta.  of  \k 
of  cold  alcohol;  according  to  Brandes  (GKlb.  Ann.  xliy.  289),  in 
specific  gravity  0*82  and  in  1*6  pt  ether. 

&ZPASITB.    Syn.  with  Fluob  spab  (ii  677). 

&zno  AOm.  C»H»0»  -  C*HW  .HH)  according  to  Lau 
Phys.  btyi  169);  C»HH)*  according  to  Wira  (Ann.  Oh.  Pharm.  ct 
formula  places  it  among  the  homologues  of  oxaUc  acid,  included  in  tl 
0"H*— "0*.  This  acid,  discoyered  by  Laurent,  is  produced,  togethei 
beric,  adipic,  and  other  acids,  by  the  action  of  nitric  acid  upon  oleic,  ( 
acid,  and  is  contained  in  the  mother-liquor  which  remains  after  the  p 
acids  haye  been  separated. 

The  best  mode  of  preparing  it>  is  to  heat  oleic  acid  in  a  retort  ft 
with  an  equal  weight  of  nitric  acid  of  ordinary  strength,  then  add  frei 
repeat  the  operation  four  or  fiye  times.  The  united  solutions  are  the 
to  a  fourth  of  their  bulk,  and  the  concentrated  liquid  left  at  rest,  t 
beric  acids  crystallise  out.  The  remainder  of  the  nitric  acid  must  thei 
the  mother-liquor  by  eyaporation  as  completely  as  possible,  taking  c 
does  not  blacken  from  too  great  concentration ;  the  crystals  which 
consisting  of  adipic  and  lipic  acids,  are  dried  and  dissolved  in  hot  et 
a  few  brown  impurities  undif<8olyed ;  the  solution  is  left  to  evaporat 
and  the  liquid  which  covers  the  crystals  is  evaporated.  The  two  prod 
by  evaporating  the  ether  are  sepurately  dissolved  in  boiling  alcohol, 
are  left  to  evaporate  in  the  air.  By  repeating  these  operations  seven 
are  obtained,  viz.  adipic  acid  crystallised  in  rounded  tuberculous  t 
and  lipic  acid  in  slightly  elongated  lamine  fLaurent),  in  translucei 
of  nodular  mups  of  small  prisms.     ( W i r a.) 

Lipic  Acia  is  moderately  soluble  in  cold  water.  WMen  a  few  graiD 
on  a  watch-glass,  till  partial  fdsion  takes  pkee,  the  acid  crystallise 
fibrous  mass,  while  a  portion  volatilises  and  condenses  on  the  no 
beautiful  needles  having  the  form  of  prisms  with  rectangular  base. 

The  acid  crystallised  from  water,  contains  1  at.  water,  which  it  lost 
the  anhydrous  acid  then  condensing  in  long  shining  needles  (Wira 
yenr  suffocating  and  excites  coughing.  When  deprived  of  <ts  water 
it  does  not  melt  below  140<>  or  145^  (Laurent) ;  according  to  Wirz 
It  is  very  soluble  in  alcohol  and  ether. 

Lipic  acid  is  dibasic,  the  formula  of  its  s  Its  being  0'H*MK)*,  whi 
that  of  the  itaconates  (Laurent);  C»H«M*0*  (Wirs).  The  salts 
■ulphuric  acid  give  off  lipic  acid. 

The  ammonium-aalt  ciystallises  in  long  prisms  (Lau rent). - 
separates  after  a  while  from  a  mixed  solution  of  f^ioride  of  barium 
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m  (Lmurent).— The  eakium- 
nsma^  oontaining,  aeooidiiig  to 
I  obtained,  by  ImiliDg  enpric 
h  may  be  freed  from  adhering 
twr-rndt  oontaine  C*H«ApHr 
italliees  in  flat  rhombic  pnsms 

irded  as  somewhat  donbtfhl. 
ind  Arppe  (Ann.  Ch.  Pharm. 
Eta  of  the  action  of  nitric  add 
repared  the  adds  by  Laurent's 
laponiflcation  of  the  so-called 
g  the  nitric  add  with  addition 
OTStallisation,  melted  at  127^, 
iCher  add  which  could  be  ex- 
672) ;  the  same  add  was  also 

bj  BeRelins  to  exist  in  the 
e  compounds  aze  regarded  aa 
e  Enma^  iL  619,  and  Gltob- 

saliar  state  of  aggregation,  in- 
the  particles  are  frM  to  move 
t  the  constant  tendency  to  fly 
>^  The  conditions  which  are 
Ration  have  been  already  con- 
(p.  188). 

rge  tree  {lAquidambar  styraci' 

obtained  by  maldnff  indsions 
it  from  the  air,  ana  decanted 
n  which  settles  to  the  bottom, 
nber-yellow  colour,  and  has  an 
I  taste  is  aromatic  and  irritates 
isoic  or  einnamie  add,  and  a 
I  alcohol,  it  leaves  only  a  small 

g- 

le  opaque  depont  abore  men- 
>wn  the  stem  of  the  tree^  and 
se  of  Tery  thick  turpentine  or 
ronff  and  more  agreeable  than 
ic,  but  irritating.  It  eontaios 
Bxpoeure  to  the  air  it  solidifies 
rmerly  sold  under  the  name  of 

lids  of  different  density,  and 
ace  between  them,  much  in  the 
^articles  of  the  liquid  are  less 
is  slower.  The  phenomena  of 
ham,  in  two  dassical  series  of 
for  1860  and  1862,  also  in  the 
I  XT.  216 ;  and  important  con- 
ick,  Simmler  and  Wild^ 

[uids,  the  temperature,  and  in 

18  used  in  Graham's  first  series 
jnal  capadty,  cast  in  the  same 
size  of  aperture.  The  phials 
and  aperture  1'26  inch  wide ; 
r  between  4  and  6  ounces.  For 
rided  4  inches  in  diameter  and 


J ;  bat  tbto  U  incorrect  ijhudi;  yro* 
dgaf. 
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f)ip  diffusion-phial  wu  filled  with  the  ssUne  ro 
the  base  of  the  neck,  or  more  correctly  to  a  di 

surface  of  the  lip.    The  neck 
Fit!.  708.  distilled  water,  a  light  float 

the  solution,  and  care  beinj 

the  phial  had  been  phiced  w 

the  jar,  »o  as  to  corer  the  ( 

which  required  about  20  oni 

the  phial  is  thus  allowed  to 

in  the  jar.    The  diifiision  is 

of  ground  ^lass  on  the  moutl 

out  of  the  jar.    The  amoiinl 

sion-product,  or  diffusat 

water  in  the  jar  to  dryness, 
Poipitating  with  nitrate  of  silr^x. 
'      The  results  of  several  series  of  experiments  made 

are  given  in  the  following  table,  the  second  colnmn 
the  quantity  of  salt  in  100  pts.  of  the  solution,  one  per  cent  of  sal 
20*8  grains ;  the  third,  the  time  of  diffusion ;  the  fourth,  the  temp 
Fahrenheit  scale ;  the  fifth,  the  quantity  of  salt  difihsed  in  grains  :— 

tkXLM  I.— DXFFUSIOK  OF  SaLDIB  SoLUTIOirS. 
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Pcrcmit. 

IHyt. 

Fahr. 

Dm^BU. 

1617 

63-1° 

7-84 

8-67 

630 

632 

8-67 

630 

12-07 

• 

8-67 

63  0 

23-96 

8-67 

630 

46-92 

8-67 

63-0 

6-09 

8-67 

63-0 

11-66 

• 

8o7 

63-0 

23-66 

8-57 

63*0 

44-46 

11*48 

63-8 

7-92 

11-43 

63-8 

16  35 

• 

11-43 

63-8 

30-78 

11-43 

63-8 

61-56 

11-43 

ao-8 

661 

, 

11-43 

60*8 

663 

• 

11-43 

50-8 

649 

, 

11-43 

60  8 

644 

• 

1143 

50-8 

629 

, 

11-43 

60-8 

6-17 

, 

11-43 

60-8 

6-06 

, 

11-43 

53-5 

6-30 

f 

16-17 

66-4 

7-31 

16-17 

65-4 

12-79 

1617 

65-4 

23-46 

• 

1617 

66-4 

4282 

16-17 

62-8 

42-66 

16 

ie-17 

62-8 

76-06 

24 

16-17 

62-8 

10204 

1617 

65*4 

6-67 

1617 

66-4 

12-22 

1617 

66-4 

23-12 

,     < 

16-17 

66-4 

42-26 

1617 

62-8 

89-62 

16 

1617 

62-8 

74-40 

24 

1617 

62-8 

101-42 

1617 

66-4 

6-48 

1617 

65-4 

10-21 

• 

1617 

65-4 

19-28 

1617 

66-4 

33-62 

7 

63-4 

13-61 

, 

7 

68-4 

26-34 

7 

63-4 

61-88 

7 

68-4 

12-86 

• 

r 

63-4 

23-66 

7 

63-4 

47-74 

7 

63-4 

6-32 

7 

63-4 

12-37 

• 

7 

63-4 

24-96 

7 

63-4 

48-44 

7 

68*4 

12-14 

, 

7 

69-8 

12-18 

, 

2 

7 

59-8 

12-14 

, 

2 

6-716 

69-8 

12-24 

, 

2 

6-716 

698 

12-46 

, 

5-716 

59-8 

12-61 

, 

6-716 

69-8 

6-99 

8-08 

68-2 

7-28 

808 

68-2 

14-05 

• 

8-08 

68-2 

26-72 

8-08 

68-2 

62-01 

8-08 

68-2 

6-91 

• 

8-08 

68-2 

13-66 
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,  the  lesB  does  it  ^ain  in  diff^uriTeness  by  mte  of 
i  add  the  rate  of  difflMnon  waa  found  to  increabe  as 

It  16-66  0.    (eo^F.)  -   1 
26-66  C.    (80OF.)  -   1-3646 
37-77  C.  (lOOO  F.)  -  1-7732 
41-88  0.  (120O  F.)  -  2-1812 

SidiffiisiTe  substances  which  ooindde  in  nuiny  cases 
nt  are^  on  the  whole,  more  coniprehensiTe  than  the 
f  diffusion  is  exhibited  by  hydrochloric,  hydrobromic, 
oridea,  iodides,  and  bromides  of  the  alkali-metals ;  by 
inm,  and  calcium;   the  sulphates  of  magnesium  and 

is  found  that  the  squares  of  the  times  of  equal 
me  strength,  stand  to  one  another  in  a  simple 
usate  from  a  solution  of  nitrate  of  potassium  in 

from  an  equally  strong  solution  of  carbonate  of 
ch  are  to  one  another  as  1 :  -v/  2  » 1-414.  Similar 
it  solutions  of  nitrate  and  sulphate  of  potAssiam, 
ained  in  3'6  and  4*96  days,  in  7  and  9-9  days,  and 
tydrate  and  nitrate  of  potassium,  and  with  nitrute 
es  of  equal  difilision  of  1  per  cent,  solutions  of 
B  of  somum,  were  to  one  another  as  ^^Z  2  :  -v/  3. 
aents  (ii  812),  the  squares  of  the  times  of  equal 
her  in  the  ratio  of  their  densities.    Hence,  by 

molecules  of  these  several  salts^  as  they  exist  in 
e  to  one  another  as  the  squares  of  the  times  of 
lensUies  of  sulphate,  nitrate,  and  hydrate  of  potasr 
es  of  the  numbers  4,  2  and  1,  that  is  as  16,  4  and  1. 
relate  to  a  kind  of  molecules  different  from  the 
which  are  either  equal,  or  bear  to  one  another  a 

olution  of  another  salt  takes  place  with  nearly  the 
t  least,  when  the  solutions  are  dilute.     Graham 

per  cent  solution  of  carbonate  of  sodium,  is  not 

4  per  cent,  of  sulphate  of  sodium  in  the  liquid 
lent  solution  of  nitrate  of  potassium,  by  the  same 
a.  The  presence  of  4  per  cent,  of  sulphate  of 
urbonate  of  sodium  by  only  }  of  the  whole.    In 

would  probably  be  p[reater.  There  is,  indeed, 
nena  of  liquid  difiusion  are  exhibited  in  their 
itions,  the  effect  of  concentration,  like  that  of 
ice  a  departure  fW)m  the  normal  character. 
V  materially  affected  when  the  liquid  atmosphere 
Rising  salt  The  consideration  of  this  case  leads  to 
f  particles  of  a  dissoWed  substance  in  a  solution  of 
1  law  which  reenlates  such  morements  appears  to 

soliMe  salt  dijfvsesfrom  a  stronger  into  a  wraktr 
ffertnee  of  concentration  between  two  coniwuous 
en  experimentally  demonstrated  in  a  sufScient 
detely ;  but  in  the  case  of  chloride  of  sodium,  it 
following  experiments  of  Fick.    (Phil.  Mag.  [4] 

ix>th  ends,  was  cemented  into  a  ressel  completely 
Irical  space  filled  up  with  water,  and  the  whole 
rater.  The  apparatus  was  then  left  to  itself  for 
}eing  from  time  to  time  taken  out  and  renewed. 
1  in  the  tube,  being  in  contact  with  undissolved 
;ed,  while  the  uppermost  layer,  which  is  in  contact 

at  all,  a  certam  normal  .state  of  diffusion  will 
}ut  the  length  of  the  tube,  characterised  by  the 
am  will,. in  a  given  time,  give  up  to  the  stratum.. 
b  as  it  reeeiyes  from,  the  one  below.  When  this 
.6  successive  strata  decrease  from  below  upwards 

law  of  decrease  was  verified  experimentally  by 
lepths^  a  glass  bulb  suspended  from  the  arm  of  a 
;ht8  in  the  opposite  scale.    This  law  of  decrease, 
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noweTer,  is  tfu«  only  with  rtgard  to  < 
the  horisontAl  Mction  is  .of  uniform  m 
denntv  may  be  ealcaUted  according  i 
shaped  tubes  Fick  has  shown  that 
experimeDt. 

Now  let  K  denote  the  quantity  o 
passes,  in  a  unit  of  time,  through  a 
whose  height  is  equal  to  the  unit  < 
coefficient;  also,  let  Q  be  the  quanti 
mouth  of  the  tube  into  the  water-i 
horisontal  section ;  and  d,  the  densit) 


Hence,  with  a  tube  of  giyen  dimei 
density  at  the  bottom,  the  dijfuHon'Ct 
the  quantity  Q,  diffused  out  in  a  giyei 
This  method  has  been  applied  by  ] 
is,  in  fact,  though  simple  in  principle, 
of  the  long  time— at  least  fourteen  da, 
attained. 

Another  method  of  determining  the 

Jolly,  and  applied  in  seyeral  cases  b; 

w    iTAA       apparatus  used  consist 

"9-  7W.      long,  bent  round  at  th< 

O^  level  of  the  orifice  is 

jrt  boUom  of  the  bend.    ' 

r '-'\  and  dosed  with  a  stopj 

concentration,  and  fixe 

the  tube  being  two  oi 

salt  then  immediately  1 

near  the  orifice  become 

part  of  the  tube,  its  p] 

nrom  above.    With  thi 

ing  diffusion-coefficient 

U       11  for  solutions  containio 

•       if  «"*  C.  (42-8°  F.) 

X*,-*^  Table  U.- 

Chloride  of  potassium  .  1*00 

Nitrate  of  potassium  .  0*94 

Chloride  of  sodium    .  .  0*83 

Bichromate  of  potassium  .  0*76 

Carbonate  of  potassium  .  0*73 


Beilstein  infers  from  his  experim< 
proportional  to  the  difference  of  deni 
■omewhat  greater  ratio. 

Simmler  and  Wilde  (Fogg.  Ann 
ment  of  Beilstein's  results  with  thii 
experimenting.  Beilstein's  calculatioi 
strength  of  the  solution  in  the  tubi 
uniform  at  any  instant  of  time  throi 
sideration  will  show  that  the  density  i 
larger  arm  of  tha  tube,  and  in  this  an 
the  liquid  must  stagnate  to  a  certain  e 
of  obeervation  is  fr^.  Simmler  and 
of  execution  than  FicVs,  an'l  not  subj 
■tats  of  diffusion  is  established.  On 
by  Graham  (p.  706^  excepting  that  1 
eylindricai,  a  (Audition  which  greatly  s 
plaeed  at  the  bottom  of  the  waterjar,  i 
within  a  line  or  two  below  the  surface 
made  to  flow  oyer  the  sides  of  the  yeas 
of  pire  water  abo?e.  Another  method 
saline  solution  in  a  yessel  having  the  f 
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snt  depths  below  the  siirfkoe  by  observatioD  of  the  indioes 

periments  (PhiL  Trans.  1862,  part  i.;  Chem.  Soc  J.  xt. 
»  jar,  in  which  the  salt  is  allowed  to  rise  from  below  in  a 
n  were  162  mm.  (6  inches)  in  height,  and  87  mm.  (3*45 
ting,  seven-tenths  of  a  litre  of  water  were  first  placed  in 
)i  a  litre  of  the  liquid  to  be  difinsed  was  carefully  conreyed 
means  of  a  fine  pipette.  The  whole  fiuid  column  then 
)  in  height.  As  much  as  five  or  six  minutes  of  time  were 
ipette  at  the  bottom  of  the  jar,  and  extremely  little  dis- 
the  superincumbent  water,  as  could  be  distinctly  seep 
ly  the  pipette  was  coloured.  The  jar  was  then  left  undis- 
proceed,  the  experiments  being  always  conducted  in  an 
learly  constant  temperature.  When  a  certain  time  had 
irrupted  by  drawing  off  the  liquid  from  the  top  by  means 
1  dehberatel^,  as  the  liquid  had  been  first  intzoduced,  in 
tree,  or  one-sixteenth  of  the  whole  volume.  The  open  end 
on  was  kept  in  contact  with  the  sur&oe  of  the  liquid  in 
juid  drawn  off  was  received  in  a  graduated  measure.  By 
parately,  the  quantity  of  salt  which  had  risen  into  equiu 
1  was  ascertained.  A  particular  advantage  of  this  meuod 
of  ascertaining  the  absolute  rate  or  velocity  of  dififtision, 
i  the  distance  which  a  salt  travels  per  second  in  terms  of 
must  enter  into  all  the  chronic  phenomena  of  physiology, 
ence  not  unlike  the  time  of  the  falling  of  heavy  bodies  in 

-CSrjBtftUoias  and  Colloids. 

usion  has  been  considered  in  the  preceding  pages,  though 
^ersities  in  their  difibsive  mobility,  all  belong  to  the  more 
[>  them  is  another  class,  which  are  much  less  difiusive, 
ed  from  the  former  by  several  well-defined  physical  and 
ly  by  the  absence  of  the  power  to  crystallise.  Such  are 
ici  alumina,  and  other  metallic  oxides  of  the  aluminous 
soluble  form ;  also  starch,  dextrin  and  the  gums,  caramel, 
stable  and  animal  extractive  matters.  These  bodies  are 
elatinous  character  of  their  hydratea  Although  often 
f  are  held  in  solution  by  a  most  feeble  force.  They  appear 
!ity  of  acids  and  bases,  and  in  all  the  ordinary  chemical 
r  hand,  their  peculiar  physical  aggregation,  together  with 
}rred  to,  appears  to  be  required  in  substances  that  can 
esses  of  life.  The  plastic  elements  of  the  animal  body  are 
idn  appears  to  be  ito  type,  substances  of  this  dass  may  be 
k6\k%  glue),  and  their  peculiar  form  of  aggregation,  as 
ier.  Opposed  to  the  colloidal  is  the  crystalHne  condition. 
3r  form  may  be  classed  as  erystaUf^,  The  distinction  is 
lecular  constitution. 

\,  in  the  ordinary  sense,  colloids  possess  a  compensating 
I  out  of  their  physical  properties.  While  the  rigidity  (3 
ts  out  external  impressions,  the  softness  of  the  gdatinous 
nd  enables  the  colloid  to  become  a  medium  for  liquid  dif- 
e  same  penetrability  appears  to  take  the  form  of  comen- 
1  exist  at  a  high  temperature.  Hence  a  wide  sensibility 
external  agents.  Another  and  eminently  characteristic 
mtability.  Their  existence  is  a  continued  metastasis.  A 
his  respect  to  water  while  existing  liquid  at  a  temperature 
it,  or  to  a  supersaturated  saline  solution.  Fluid  colloids 
out  modification ;  and  they  often  pass  under  the  slighte^nt 

0  the  second  condition.  The  solution  of  hydrated  silicic 
>btained  in  a  state  of  purity,  but  it  cannot  be  preserved. 

1  or  weeks  in  a  sealed  tube,  but  is  sure  to  gelatinise  and 
for  does  the  change  of  this  colloid  appear  to  stop  at  that 
ms  of  silicic  acid,  deposited  from  water,  such  as  flint,  are 

during  the  geological  ages  of  their  existence,  from  the 
crystalline  condition  (H.  Kose).   The  colloidal  is,  in  fact, 
the  cryRtalluYdHl  being  the  statical  t*unditiou.     It  may  be 
ZZ 
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looked  upon  as  the  probable  primary  source  of  the  forcd  appearing  in 
of  Titality.  To  the  gradual  manner  in  which  colloidal  changes  take 
always  demand  time  as  an  element),  may  the  characteristic  protiacti 
oiguiic  chan^  also  be  referred. 

The  foUowu^  experiments  made  by  the  method  of  jar-diflosion  (p.  7 
difference  of  diffnsibility  of  colloids,  namely  sam,  tannin,  or  caram< 
with  the  crystalloidal  sobstances,  chloride  of  sodinm,  sul^iate  of  magna 
sugar. 

Tablb  m. — Diffiuitm  of  10  jmt  emt,  toluHona  flO  ffrma.  ofmUtana 
oerUimetres  of  liquid)  into  pure  water,  after  fourteen  days,  at  10°  ( 


Kumberof 

itratum  (from 

aboT«dowii* 

wards). 

Chloride  ot 
•odiam. 

Salphatool 

Sotar. 

Gmn. 

Tumln. 

Altan 

•104 

•007 

•006 

•003 

•008 

•129 

•on 

•008 

•003 

•003 

•162 

•018 

•012 

•003 

•004 

•198 

•027 

•016 

•004 

•003 

•267 

•049 

•030 

•003 

•006 

•840 

•086 

•069 

•004 

•007 

,     , 

•429 

•133 

•102 

•006 

•017 

,     , 

•636 

•218 

•180 

•031 

•031 

•01 

•664 

•331 

•306 

•097 

•069 

•0 

10 

•766 

•499 

•496 

•216 

•146 

•0^ 

11 

•881 

•780 

•740 

•407 

•288 

•1] 

12 

•991 

1-022 

1076 

•734 

•666 

•3^ 

13 

1090 

1-383 

1-436 

1-167 

1^060 

•8i 

14 

1187 

1-808 

1-768 

1-731 

1719 

1-8J 

15  and  16 

2-266 

8-684 

8-788 

6-601 

6-097 

6-75 

9-999 

10-000 

10-008 

9-999 

9-997 

10-0( 

Here  the  superimposed  column  of  water  being  111  millimetres  (4-8 
the  chloride  of  sodium  is  found  to  hare  diffused  in  sensible  quantity 
could  haTO  risen  higher.  The  top  of  the  difRision-column  of  sulphate 
and  likewise  that  of  sugar,  appear  to  have  just  reached  the  top  of  tl 
fourteen  days  of  the  experiment  But  the  colloids,  gum,  tannin,  albumi 
exhibit  a  sreat  falling  off  in  the  rate  of  diffusion.  Gum  and  tannin  d< 
be  carried  by  diffusion  higher  than  the  serenth  stratum,  the  minute  quai 
the  higher  strata,  which  together  do  not  exceed  002  grm.,  being  doubl 
of  accidental  dispersion,  arising  probably  from  a  movement  of  the  npp 
sioned  by  slight  inequalities  of  temperature.  The  diffusion  of  albumin 
is  still  slower. 

By  continuing  the  difibsion  of  different  substances  till  equal  quantiti< 
out,  the  following  results  were  obtained : 

Approximate  timee  of  Equal  Diffution, 

Hydrochloric  arid ....    1 
Chloride  of  sodium         .        .        .    288 

Suffar 7 

Sulphate  of  magnesium .        .        .    7 
Albumin       .        .        •        •        .49 
Caramel 98 

The  difRision  of  hydroehlorio  add  in  three  days  corresponds  with  tl 
chloride  of  sodium  in  seren  days.  Hydrochloric  and  the  allied  hydrac 
monobasic  acids,  are  the  most  difftisiTe  substances  known. 

The  diffusion  process  in  alcohol  appears  to  be  several  times  slower 
The  following  table  exhibits  the  results  of  experiments  on  three  substj 
in  alcohol,  and  placed  under  a  column  of  alcohol,  the  eo^eriments  bi 
exactly  as  described  at  p.  700. 
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per  cent,  eolutions  of  Iodine  and  Acetate  o/PoUuMum 
tn  edcohol  in  seven  days. 


odlneatU^. 

Acetate  of  potu- 
•iumatUO~16». 

Bette  al  U*6« 

•028 

•055 

•017 

•033 

•057 

•017 

•046 

•061 

•018 

•038 

•063 

•017 

•037 

•064 

•019 

•039 

•066 

•020 

•081 

•070 

•022 

•143 

•071 

•024 

•263 

•072 

•025 

•417 

•095 

•080 

•637 

•285 

•210 

•936 

•619 

•498 

r236 

1157 

•992 

1-506 

1-907 

1700 

4-561 

5-358 

6-341 

10000 

10-000 

10-000 

liquid  lUfltasloii  to  Cbemtoal  Analysis. 

less  separated  by  their  unequal  difiusibility.  A  solution 
ium,  and  1  pt  carbonate  of  sodium  in  10  pts.  of  water 
ig.  708),  yielded  in  10  days  at  15^  a  difiusate  containing 
iim  to  36*4  pts.  carbonate  of  sodium ;  the  difibsate  in 
Its  in  nearly  the  same  proportion.  Inequality  of  difi\i- 
sed  by  mixture,  so  that  the  actual  separation  is  greater 
vlatire  difihsibiUtiefl  of  the  mixed  substances, 
ed  by  the  method  of  jar-diffbsion  at  p.  700 ;  when  s 
d  at  the  bottom  of  the  jar,  the  more  mffiisive  salt  tra- 
iy,  showing  itself  first,  and  always  most  largely,  in  the 
ible  shows  the  results  obtained  ^dth  a  mixture  of  equid 
ium  and  sodiuDL 


mixture  qf  6  per  cent,  of  Chloride  of  Potassium,  and 
ride  of  Sodium,  for  seven  days  at  12° — 13°, 


Cbloride  of 

Chloride  of 

Toul 

potaisittm. 

•odfum. 

OlAiiate. 

•018 

•014 

•082 

•025 

•015 

•040 

•044 

•014 

•058 

•076 

•017 

•092 

•101 

•034 

•135 

•141 

•063 

•204 

-185 

-104 

•289 

•262 

•151 

•403 

•830 

•212 

•542 

•349 

•351 

•700 

•418 

•458 

•876 

•511 

•569 

1-070 

•562 

•684 

1-236 

•616 

•772 

1887 

1-386 

1-651 

2^936 

6-001 

4^999 

10000 

ether  561  milligrammes,  of  which  404  milligrammes,  or 
three-fourths,  are  chloride  of  potassium.    We  have  to 
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descend  to  t 
progresrion  i 
tower  strata. 

It  is  evid 
away  the  chic 
in  relative  ei 
the  last  ezpe 

Farther,  tl 
ment  descril 
subjected  to 
grms.  of  chl4 
strata  gave  ( 
chloride  of  | 
sufficient  noi 
last  in  astat 

Theprecec 
bases;  the  f( 
di£fnsiTe  add 
separatel J  in 

Tabli  T 


Here  the 
strata  oontai 
cent,  are  ch 
milligramme 

On  compai 
and  sulphate 
chloride  of  p 
metals  is  nc 
This  result  : 
indifferently 
sodium  is  th< 
when  both  i 
their  affinity 

In  some  a 
compounds, 
the  sulphate 
solution  of  t 
a  diffiiMate  c( 
sulpbateK  of 
Bolved  in  car 
The  chloride 
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ions  of  lime-water  and  sulphate  of  calcium  are 
of  chloride  of  sodium  dissolved  in  the  mixture,  and 
e  water,  scarcely  a  trace  of  hydrate  of  sodium  is 
ulphate  of  calcium,  with  an  addition  of  2  per  cent. 
)  boiling  point  for  half  an  hour,  and  the  solution 
with  an  equal  Tolume  of  lime-water,  and  diffused 
ffusate  in  three  cells  is  found  to  contain  0*234 
sulphate  of  sodium.  It  appears,  then,  that  more 
Doesible  for  mixed  solutions  of  sulphate  of  calcium 
ions  of  these  salts  may  be  mixed  without  decom- 
ion  of  sulphate ;  but^  on  heating,  this  change  is 
of  sodium  being  formed,  and  continuing  to  exist 
omposition  of  that  salt  alone  by  hydrate  of  calcium 
lydrate  of  soda.  As  the  effects  of  time  and  tem- 
possible  that  the  same  decomposition  might  take 
a  considerable  time.    If  such  be  the  case,  we  have 

fUkaline  carbonates  required  by  pknts  may  be 
im  and  sodium,  as  well  as  f^m  the  sulphates ;  for 
esent)  will  convert  those  chlorides  into  sulphates, 
rth  is  moistened  by  rain  is  peculiarly  favourable 
ble  salts  of  the  soil  may  be  supposed  to  be  carried 
y  the  first  portion  of  rain  wluch  falls,  while  they 
tearly  pure  water,  in  the  moisture  which  fedls  last 
the  sou.  Difibsion  of  the  salts  upwards  into  the 
mpositions,  must  necessarily  ensue.  The  salts  of 
)  most  required  for  vegetation,  possess  the  highest 
I  pre-eminent  diffusibility  of  the  alkaline  hydrate* 

soil  by  hydrate  o£  calcium,  particularly  as  quick- 
prasa-landii    (Or  a  ham.) 

d  class  (p.  710)  possess  a  property  which  is  very 
ins.  The  jelly  of  starch,  that  of  animal  mucus,  of 
ii.  826),  and  other  solid  colloidal  hydrates,  all  of 
» in  cold  water,  are  themselves  permeable  when  in 
ly  diffusive  substances.  But  such  jellies  greatly 
ive  substances,  and  cut  off  entirely  other  colloid 
y  be  in  solution :  in  this  respect  they  resemble 
reparation  by  diffusion  through  a  septum  is  called 
idkl  septum  produces  this  separating  effect.  Thus, 
weW  sized  with  starch,  and  having  no  porosity,  be 
Bsion  made  in  its  centre,  and  a  mixed  solution  of 
ig  6  percent  of  each  sulNitance  poured  upon  it,  the 
while  the  gum  remains  above,  so  that,  after  twent^- 
0  contain  about  three-fourths  of  the  whole  sogar,  in 
irhen  tJie  liquid  is  evaporated  over  the  water-bath. 

0  act  as  a  filter;  it  is  mechanically  impenetrable, 
Liquid  as  a  whole.  Molecules  only  permeate  this 
ulee  also  are  moTed  by  the  force  of  difiiision.  But 
b  with  which  the  paper  is  siaed,  is  not  directly 
Dn  of  either  the  sugar  or  the  gum,  being  in  a  state  of 
tion.  The  hydrated  compound  itself  is  solid,  and 
th  other  crystalloids,  can  separate  water,  molecule 
>lloid,  such  as  starch.  The  sugar  thus  obtains  the 
and  makes  its  way  through  the  gelatinous  septum. 
;,  as  a  colloid,  an  affinity  for  water  of  the  feeblest 
\i  liquid  ftom  the  gelatinous  starch,  and  so  fiiils  to 
itwards  by  diffusion. 

a  firm  jelly  appears  to  proceed  at  nearly  the  same 

ikingly  shown  by  the  following  experiment. 

n  and  2  grammes  of  the  Japanese  gelatin,  or  gelose 

1  so  much  hot  water  as  to  form  100  cub.  cent&  of 
diffusion-jar  and  allowed  to  cool,  this  liquid  set 

r  part  of  Uie  jar,  and  containing  of  course  10  per 
aa  of  placing  pure  water  over  this  jelly,  it  was 
Mntaining  2  per  cent  of  the  same  gelose,  cooled  lO 
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far  as  to  be  on  the  point  of  gelatininng,  the  jar  at  the  same  time 
cooling  mixture  in  order  to  expedite  that  change.  The  jar  with  its 
left  undisturbed  for  eight  days  at  the  temperature  10^.  After  the 
the  jelly  was  remored  from  the  jar  in  successiTe  portions  of  60  col 
the  top,  and  the  proportion  of  chloride  of  sodium  in  the  Tarions  i 
The  results  were  yerj  similar  to  those  obtained  in  difiVising  the  san 
pure  water,  excepting  that  the  diffusion  in  the  geloee  appe^vKl  more 
dujTS  than  diffusion  in  water  for  seren  days.  With  a  eoumred  ciysti 
chromate  of  potassium,  the  gradual  elevation  of  the  salt  to  the  top 
plainly  seen.  On  the  other  hand,  the  diff^on  of  a  coloured  oolloic 
through  the  jelly,  appears  scarcely  to  hare  begun  after  the  lapse  of 
diffusion  of  a  salt  into  the  solid  jelly  may  be  regarded  as  cementai 
form. 

The  most  suitable  of  all  substances  for  a  dialytic  septum  is  De  la 
parchment  or  parchment-paper  (i.  819),  which  is  unsised  % 
short  immersion  m  sulphuric  acid,  or  in  chloride  of  zinc  Paper  i 
acquires  considerable  tenacity,  and  when  wetted,  expands  and  be 
evidently  admitting  of  hydration.  In  the  wetted  state,  parchment-] 
applied  to  a  light  hoop  of  wood,  or  better,  to  a  hoop  made  of  s 
2  inches  in  depth  and  8  or  10  inches  in  diameter,  so  as  to  form  a  re 
form  (fig.  710).  The  disc  of  parchment-paper  used  should  excee 
hoop  to  be  covered  by  4  inches,  so  as  to  rise  well  round  the  hoop. 

to  the  hoop  by  string,  or  bjf 
'^ff'  '*"•  but  should  not  be  firmly  seci: 

ment-paper  must  not  be  poroi 
will  be  ascertained  by  sponging 
with  pure  water,  and  then  obs 
spots  show  themselves  on  the  O] 
defects  may  be  remedied  by  ap 
min,  and  then  coagulating  the  a 
De  la  Rue  recommends  the  use  of  albumin  in  cementing  parchment 
thus  be  formed  into  cells  and  bags  very  useful  in  dialytic  experim 
fluid  to  be  dialysed  is  poured  into  the  hoop  upon  the  surface  of  th 
to  a  small  depth  only,  such  as  half  an  inch.  The  vessel  described 
floated  in  a  basin  containing  a  considerable  volume  of  water,  in  oi 
egress  of  the  diffusive  constituents  of  the  mixture.  Half  a  litre  of  i 
twenty-four  hours,  gave  its  czystalloidal  constituents  to  the  external ' 
evaporated  by  a  water-bath,  yielded  a  white  saline  mass.  From  t 
extracted  by  alcohol  in  so  pure  a  condition  as  to  appear  in  crystal 
evaporation  of  the  alcohol. 

I  or  operating  on  smaller  quantities  of  liquid,  a  small  glass  bell  jar 
bottom,  as  shown  in  fig.  711,  may  be  used.     Ftgs.  712,  718  show  cc 
supporting  the  instrument  in  a  basin  or  a  jar  of  water.     In  Mr.  Gra 
Fig.  711.  Fig.  1 VI. 


two  sizes  of  bulb  were  employed,  3*14  and  4 -4 4  inches  in 
diameter,  the  dialytic  septa  having  areas  very  nearly  of  ^ 
^^^  ^  ^  ^  square  metre  (16*6  and  7*8  square  inches). 
With  100  cub.  cents,  of  liquid  (the  quantity  usually  em- 
ployed) the  septum  of  the  smaller  instruments  was  covered 
to  the  depth  of  20  mm.  (0*8  inch)  and  the  septum  of  the 
larger  to  a  depth  of  10  mm.  (0*4  inch).  The  thinner  the 
stratum,  the  more  exhaustive  the  diffusion  in  a  given  time. 
When  a  considerable  diffusion  is  desired  within  24  hours,  it  is  geo 
to  cover  the  septum  deeper  than  10  or  12  mm.  (half  an  inch). 

Numerous  experiments  on  the  diffusion  of  crystalloids  througl 
septa,  such  as  geUitinuus  starch,  coagulated  albumin,  gum-tragacaul 
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be  called  collisilicates  or  co-silicateP,  appear  to  oontaio  anaci 
weight  than  ordinary  silicic  add.  Owilidc  aad,  like  gallotaniue,  g 
colloidal  acidii,  unites  with  gdaHn,  forminff  a  cosilicate  of  gelatin,  wh 
on  mixing  the  solutions  of  silicic  add  and  gelatin;  but,  luce  the  gal 
raries  in  compontion  according  as  the  one  or  the  other  constituent  is 
Cosilidc  add  also  predpitates  both  albuminie  aeid  and  pure  eatein. 

The  true  hvdrated  alumina,  also  Crum*s  metalumina  (i.  1 
soluble  by  dialysing  solutions  of  these  oxides  in  the  chloride  and  ac 
metal ;  so,  likewise,  hydrated  ferric  oxide,  and  the  peculiar  fen 
ferric  hydrate)  discoTered  by  P^an  de  St-Gilles  (p.  396).  and  i 
hydrate  (ii.  949).  The  several  yarietiee  of  Prussian  blue  (il  229, 
soluble  by  dialysing  their  solutions  in  oxalate  of  ammonium,  the  la( 
away.  Stannic  and  metastannie  adds  both  give  soluble  m 
dialysed  from  alkaline  solutions ;  titanic  add,  when  dialysed  firom  a 
hydrochloric  add;  tungstic  add  and  molybdic  acids^  when  t] 
molybdate  of  sodium  in  dilute  solution  are  repeatedly  dialysed  with 
hydrochloric  acid.    (Chem.  Soe.  J.  [2]  ii.  318.^ 

A  solution  of  gum-arabic  (gummate  of  caldum)  dialysed  after  a 
chloric  acid,  gave  at  once  the  pure  gnmmie  add  of  fV^my  (ii.  956).  I 
is  obtained  in  a  state  of  purity  by  dialysing  albumin  with  addition  o 

Caramel  of  sugar  purified  by  repeated  precipitation  with  alooh< 
by  dialysis,  contains  the  proportion  of  carbon  in  the  highest  of  the  a 
Gilis  (ii.  748) ;  it  forms  a  tremulous  jelly  when  concentrated,  and  i 
colloidal.  Like  all  other  colloids,  it  has  a*  soluble  and  an  insoluble  n 
latter  has  its  solubility  restored  by  the  action  of  alkalis,  followed  by  t 
and  subsequent  dialysis. 

For  further  details  on  the  preparation  of  colloids  by  dialysis,  see 
243 — 260  ;  also  the  descriptions  of  the  several  substances  in  their  i 
in  this  Dictionary. 

Separation  of  Aramioua  Acid  from  ColUndal  Liquids. — Dialysis  in 
ouKly  applied  to  the  neparation  of  arsenious  acid  and  metal  lie  si 
solutions  in  medico-legal  enquiries.    The  process  has  the  advantage 
metallic  substance  or  chemical  reagent  of  any  kind  into  the  org 
arrangement  for  operating  is  also  of  the  simplest  nature. 

The  organic  liquid  is  placed,  to  the  depth  of  half  an  inch,  on  a  dia 
hoopof  gutta  percha  10  or  12  inches  in  diameter,  covered  with  parchmei 
p.  716).  The  dialyser  is  then  floated  in  a  basin  containing  a  volun 
four  times  greater  than  the  volume  of  organic  fluid  in  the  dialyser. 
basin  is  generally  found  to  remain  colourless  alter  the  lapse  of  24 
being  concentrated  by  evaporation,  it  admits  of  the  application  of  th 
to  precipitate  and  remove  a  metal  from  solution.  One-half  to  thi 
crystalloidal  and  diflfusible  constituents  of  the  organic  liquid  will  geiM 
the  water  of  the  basin. 

Tartar-emetic  and  strychnine  may  be  separated  firom  visd 
in  a  similar  manner:  indeed,  all  soluble  poisonous  substanees  iqipear  1 
and  therefore  pass  through  colloidal  septa. 

XIQinms.  BISVamsiva  VOWVmS  of.    See  Light  (p.  62 
&IQUXBS,  aXFAVBXOV  OF.    See  Hbat  (p.  52). 
xiQinms.  ZWBZOSa  of  asFSAonov  of.    See  Light 

1LZQVZ9B.  OBMOSB  OF.  When  two  liquids  are  separated 
tion  of  a  porous  diaphragm,  a  flow  of  liquid  takes  place  from  one  sii 
to  the  other,  or  sometimes  an  unequal  flow  of  the  two  liquids  in  op 
so  that  the  quantity  of  liquid  increases  on  one  side  of  the  septum  a 
the  other.  This  phenomenon  was  originally  designated  by  the  corre 
dosmose  and  Exosmose,  but  it  is  better  expr^sed  by  the  shorter 
from  JKrfuJs,  impulsion  X  which  indudes  the  two  former. 

The  passage  of  liquids  through  porous  septa  was  first  studied  by  Di 
apparatus,  c«Jled  an  emlosmometer,  consisted  of  a  narrow  glass  tube,  i 
shaped  expansion  at  the  bottom,  and  dosed  at  that  end  by  a  piece  o 
tube  was  filled  with  a  saline  solution,  and  placed  in  a  vertical  position 
ing  water.  The  flow  of  liquid  in  the  one  direction  or  the  other  was 
rise  or  fiill  of  the  liquid  in  the  tube.  Dutrochet  inferred,  from  his  expe 
velocity  of  the  osmotic  current  is  proportionate  to  the  quantity  of  s 
substance  originally  contained  in  the  saline  solution.  The  experimen 
inexact,  because  no  allowance  was  made  for  the  alteration  of  byd 
caused  by  the  rise  or  fiill  of  the  liquid  in  the  tube.    V  i  e  r  o  r  d  t  (Pogg. 
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Nitrochet*8  apparatus,  in  which  this  sooroe  o^  error  waa 

itj  of  the  current  increases  with  the  initial  concentration 

■ratio. 

sn;,  has  examined  the  osmose  of  water  and  saline  sola- 

The  saline  solution  containing  a  known  quantity  of  salt 
Med  at  the  bottom  with  bladder,  and  plunged  into  water, 
lo  as  to  keep  it  nearly  pure.  The  tube  with  its  contents 
)  and  weighed,  and  these  operations  are  repeated  till  the 
>wing  that  the  whole  of  the  salt  has  passed  out  firom  the 
Bmains. 

iiat  a  given  quantity  of  any  salt  which  passes  through 
(  always  repls^  b^  a  definite  quantity  of  water.  The 
as  replaced  by  a  unit  of  weight  of  the  salt,  is  called  the 
lent  of  that  ifnlt  This  Quantity  Taries  with  the  nature 
perature,  increasing  as  the  temperature  rises ;  but  it  is 

the  solution.  At  tempemtures  near  0^  C,  the  endos- 
f  potassium  was  found  to  be  200 ;  of  chloride  of  sodium, 
bate  of  sodium,  between  11  and  12 ;  of  neutral  sulphate 
phate  of  potassium,  2*8 ;  and  of  hydrated  sulphuric  acid 

>nclusion,  that  the  osmose  between  water  and  saline  solu- 
site  passage  of  two  liquid  currents,  but  in  the  passage 
direction,  and  of  pure  water  in  the  other.  This  conclu- 
lam's  obsenration,  that  common  salt  diflusee  into  wat^^r, 
>x-bladder  deprived  of  its  outer  muscular  coating,  at  the 
ine  is  interposed. 

s  sidine  solution  is  the  only  one  of  the  two  movements 
ted  as  a  current  This  is,  in  fact,  the  true  osmose,  and 
;tion  of  the  membrane  or  other  porous  septum ;  for  the 
I  passes  into  the  solution  is  often  much  greater  than 
e  Uquid  diflhsion,  amounting  in  some  cases  to  several 
;  displaced. 

has  oeen  explained  in  various  ways.  By  Dutrochet  and 
>illarity;  but  this  force  is  quite  insufficient  to  account  for 
lion  which  Afferent  liquids  exhibit  in  the  osmotic  appii* 
>wn,  that  solutions  of  the  most  di£forent  character  exhibit 
I  tubes  of  equal  diameter. 

ttributed  to  the  unequal  absorption  of  the  two  liquids  by 
the  septum  to  be  of  such  a  nature  as  to  absorb  only  one 
instance.  The  water  will  then  penetrate  the  septum,  and 
line  solution,  will  diflVise  into  it  More  water  will  then 
J  difihsed,  and  thus  a  continuous  current  will  be  set  up. 
V  the  septum,  but  in  different  degrees,  and  each  is  capable 
Ice  water  and  alcohol,  the  result  will  be  the  formation  of 
ite  directions.  Water  is  absorbed  by  animal  membrane 
t  other  liquids,  and  accordingly,  when  a  septum  of  this 
the  current  is  in  most  eases  flrom  the  water  to  the  other 
a  given  weight  of  dried  ox-bladder  absorbs  in  the  same 
vols,  of  a  saturated  solution  of  common  f>alt,  38  vols,  of 
\  per  cent,  and  17  vols,  of  bonennl.  When  water  and 
limal  membra*  e,  the  quantity  of  water  which  passes  into 
le  quantity  of  alcohol  which  passes  into  the  water ;  but 
nded  by  a  thin  film  of  coUooion,  which  absorbs  alcohol 
Dontniy  effect  is  produced. 

imerous  experiments  recently  made  by  Or  ah  am  (PhiL 
Soc.  J.  viii.  48^  lead  to  the  conclusion  that  osmose 
imical  action  of  tne  liquid  on  the  septum.  These  expe- 
h  porous  mineral  septa,  partly  with  animal  membrane, 
consisted  of  the  porous  cylinden  employed  in  voltaic 
depth,  surmounted  by  a  glass  tube  0*  inch  in  diameter, 
le  cylinder  by  means  of  a  cap  of  gutta  percha.  The 
I  of  the  elass  tube  with  a  saline  solution,  ana  immediately 
ter ;  and  as  the  liquid  within  the  instrument  rose  during 
ded  to  the  jar  to  equalise  the  pressure.  The  rise  (or  fiill) 
M  very  regular,  as  observed  from  hour  to  hour,  and  the 
ninated  in  five  hours.  From  experiments  made  on  solu- 
}le  substance,  it  appeared  that  the  rise  or  osmose  is  quite 
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atral  organic  substancee  in  general,  soch  as  soj 
riae  with  neiatral  aalto  of  the  earths  and  ordii 
itrates  of  potaMium  and  sodium,  and  with  cfal 
;  still  very  moderate  osmose  is  exhibited  bj  hi 
itric,  and  tartaric  acids.  These  are  surpassed 
ks  solphnrie  add,  phosphoric,  and  by  sulphate  of 
by  salts  of  potassium  and  sodium,  possessing  i 
uch  as  dioxalate  of  potassium,  phosphate  of 
ium  and  sodium.  The  highly  osmotic  substance 
mtage  in  small  proportions^)roducing,  in  fact^  t 
>ne-qnarter  per  cent  dissolved  The  same  subst 
live  bodies,  and  possess  affinities  which  enable  tJ 
enware  septum.  Lime  and  alumina  were  always 
9  corrosion  of  the  septum  appeared  to  be  a  necec 
other  materials,  such  as  pure  carbonate  of  < 
[,  and  tanned  sole-leather,  although  not  defi< 
»arently,  because  they  are  not  chemically  acted 

?re  obtained  with  septa  of  animal  membrane. 

nuch  greater  strength  and  regularity  when  div< 

:ton  calico,  impregnated   with  liquid  albumin, 

he  albumin,  formed  an  excellent  septum,  resembl 

every  respect     The  osmometer  (fiff.  714)  used 

ments  was  arranged  like  the  original  instrume 

but  the  membrane  was  supported  by  a  plate  oi 

and  the  tube  was  of  considerable  diameter,  viz. 

of  the  mouth  of  the  bulb,  or  of  the  disc  of  mem 

the  liquids. 

Osmose  in  membrane  presents  many  poii 
to  that  in  earthenware.  The  membrane  is  ooi 
ing  decomposition,  and  its  osmotic  action  is  es 
and  other  substances  capable  of  determining  a 
all  chemically  active  substances,  while  the  great 
organic  substances  and  perfectly  neutral  monol 
metals,  such  as  chloride  of  sodium,  possess  oi 
of  action,  or  are  wholly  inert  The  active  su 
most  efficient  in  small  proportions.*  With  a 
ii^S  TS  P^  ^^^  o^  carbonate  of  potash,  the  rise 
was  167  millimetres;  and  with  1  per  cent  of  tli 
millimetres  in  five  hours.  With  another  n 
stronger  solution,  the  rise  was  863  millimetres, 
inches  in  the  name  time.  To  induce  osmose,  th 
on  the  membrane  must  be  diffisrent  on  the 
apparently  not  in  degree  only,  but  in  kind, 
action  on  the  albuminous  substance  of  the  n 
one  side  and  an  acid  action  on  the  other.  T 
always  to  accumulate  on  the  alkaline  or  basic  t 
an  alkaline  salt,  such  as  carbonate  of  sodium,  i 
he  flow  is  inwaitis ;  but  with  an  acid  in  the  osi 
the  flow  is  outwards,  the  liquid  then  falling  is 
odium,  and  magnesium,  and  similar  neutral  salts, 
ct  merely  in  a  subordinate  manner  to  some  otl 
>h  may  be  present  in  the  solution  or  the  membi 
Jts  which  admit  of  division  into  a  basic  salt  and 
>f  the  highest  order,  e.gi.  the  acetAte  and  vario 
!  and  chromic  oxide,  cuprous  chloride,  stannous 
id  travels  outwards  by  diffiision,  superinducing  i 
)f  the  membrane,  and  an  add  condition  of  the  i 
lition  for  a  high  positive  osmose.  Again,  the 
m,  such  as  the  sulphate  and  tartrate,  though  s 
txhibit  a  positive  osmose,  in  consequence,  perhap 
ersalt  and  free  alkaline  base. 
e  exhibits  the  osmose  of  substances  of  all  dasa 
ng  a  rise  or  fidl  of  1  millimetre:  — 

with  the  itrvngth  of  the  tolatioii  vp  to  a  certain  point,  ai 
utioui  the  porei  of  the  membraiM  probablj  becomai  (op| 
iMquently  diinini»hes. 
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Chloride  of  sine     . 

.         .   +    64 

Chloride  of  nickel  . 

88 

Nitrate  of  lead 

.    125  to  211 

Nitrate  of  cadmiam 

.       137 

Nitrate  of  uranium 

.    234  to  458 

Nitrate  of  copper    . 

.       204 

Chloride  of  copper 

.       351 

Stannous  chloride  . 

.       289 

Ferrous  chloride     . 

.       435 

Mercuric  chloride 

.       121 

Mercurous  nitrate  . 

.       356 

Mercuric  nitrate 

.       476 

Ferric  acetate 

.       194 

Acetate  of  aluminium      . 

.    280  to  393 

Chloride  of  aluminium    . 

.       540 

Phosphate  of  sodium 

.       311 

Carbonate  of  potassium  . 

.       439 
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Degree*. 

-  148 
cent)  -    92 

-  54 

-  46 

-  80 

-  3 
+      2 

18 
2 
34 
21  to  60 
14 
20 
21 
26 
26 
34 

mate  of  potassium  and  other  alkaline  salts  is  interfered 
iner  by  the  presence  of  chloride  of  sodium,  being  reduced 
I  proportion  of  that  salL  The  moderate  positive  osmose 
converted  into  a  very  sensible  negative  osmose  by  the 
»f  a  strong  acid,  while  the  positive  osmose  of  the  same  salt 
oall  proportion  of  alkaline  carbonate :  thus,  a  1  per  cent, 
tium  gives  an  osmose  of  21^,  but  the  addition  of  0*1  per 
m  raises  it  to  between  254  and  204  degrees.  (Graham.) 
I  form  of  a  siphon,  and  having  its  shorter  lea  closed  with 
th  salt  water,  the  shorter  leg  then  immersed  in  a  vessel 
[>ured  into  the  longer  leg,  so  that  its  pressure  may  act  in 
rhich  the  water  tends  to  enter  the  saline  solution  through 
^at^  when  the  column  of  mercury  attains  a  certain  height, 
LOUt  chan|;e  of  volume,  the  force  of  the  osmotic  current 
>v  the  weight  of  the  mercurial  column.  In  this  way  the 
ic  current  may  be  measured.  (Lie big.) 
1  important  part  in  the  functions  of  life.  We  have  seen 
1  by  dilute  saline  solutions,  such  as  the  animal  and 
the  acid  or  alkaline  property  which  these  juices  possess  is 
for  their  action  on  membrane.  The  natural  excitation 
the  membranes  or  cell- walls  dividing  such  solutions  seems 

markably  direct  substitution  of  one  of  the  great  forces  of 
nother  force, — the  conversion,  namely,  of  chemical  action 
ved  in  this  light,  the  osmotic  iniection  of  fluids  may, 
link  which  intervenes  between  chemical  decomposition 
'he  ascent  of  the  sap  in  plants  appears  to  depend  upon  a 
lal,  or,  at  least,  molecular  action  into  mechanical  force, 
antly  permeating  the  coatings  of  the  superficial  vessels  in 
and  as  these  evaporate  into  the  air,  a  fresh  portion  of 
pmbrane  and  evaporates;  and  thus  a  regular  upwarcl 
ch  the  sap  is  transferred  from  the  roots  to  the  highest 
lar  manner,  the  evaporation  constantly  taking  place  from 
i,  causes  a  continuous  flow  of  the  animal  juices  from  the 

>nts  on  the  passage  of  liquids  through  colloidal  septa, 
er  movement  in  osmose  is  an  affair  of  hydration  and  of 
of  the  membrane  or  other  coIlo>'d  septum,  and  that  the 
1  placed  within  the  osmometer  has  little  or  nothing  to  do 
viae  than  as  it  affects  the  state  of  hydration  of  the  septum, 
lerable  through  membranous  and  other  highly  hydrated 
y  colloid  (gum,  for  instance)  contained  in  the  osmometer, 
the  colloid  is  always  minute,  and  may  sometimes  amount 
»luble  colloid,  such  as  gum-tragacanth,  placed  in  powder 
»und  to  indicate  the  rapid  entrance  of  water,  to  convert 
aous  hydrate.    Here  no  oatward  or  double  moremeiit  ui 
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The  degree  of  hydimtion 
iium  in  which  it  is  place 
iced  in  pure  water,  such  ( 
itral  saline  solutions.  £ 
BB  of  the  membrane  of  an 
itact  with  pure  water,  tei 
face  does,  tne  latter  surfi 
len  the  ftill  hydration  o 
mbrane  and  reaches  the  in 
Q  is  lowered,  and  water  n 
brms  the  osmose.  The  o 
alysis  of  the  gelatinous  1 
ite  and  free  water.  The  : 
contact  with  the  saline  » 
ter.  Far  from  promoting 
:  the  substance  of  the  mei 
ion  as  to  saline  matter  oj 
;e  which  colloidal  solutioi 
I  low  diflfusibility  of  su< 
loidal  septum, 
rhe  substances  fibrin,  alb 
water  containing  minute 
ler  hand,  when  the  propoi 
ih  substance,  contraction 
ned,  acquire  the  power  o 
ming  superior  gelatinoua 
iiline  reagents.  Even  pi 
va  in  pure  watf  r.  When 
Qotic  sensibility.  Used  i 
atination  under  influenoee 
s  varying  hydration  of 
pnomena  belone  to  coUoic 
jear  to  be  of  the  kind  yhi 
catalytic  affinify,  therefl 
raham,  Chem.  Soe.  J.  x 
LXQVIBS.  TmJkMMWJ 
;  xxi.  76 ;  Jahresber.  184' 
J.  J.  XV.  427.)— This  tern 
>es  under  pressure,  in  accc 
e  first  experiments  on  th( 
liner  in  which  the  flow  of 
i  diameter  of  the  tubes ; 
)  nature  of  the  liquid.  G 
;ween  the  rate  of  transpir; 
The  apparatus  used  by  bo 
ut  glass  bulb,  A  (Jiff.  7lt 
f  of  from  4  to  8  e.  e.,  bli 

Fiff.  116. 


istion  is  raoduoed,  while 
I  liquid.    The  liquid  whi 
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728     LITHIUM,  DETECTION  AND  ESTIMA' 

The  kjfdrated  chloride,  liCl^H)  aceording  to  ] 
to  Hermaim  and  Troost,  is  formed  when  the  anhyd 
or  when  the  aqneons  solution  is  eyaporated  at  a  n 
and  czystaUiaes  in  large  rectangular  prisms  with 
lateral  edges :  it  is  probably  isomorphous  with  hyd 
oystallisation,  it  forms  needles  grouped  in  : 
(Hermann).  Both  the  anhydrous  and  the  hydrate 
air,  and  dissolve  very  readily  in  water  and  in  aloot 

ftlTHZUMCg  SBTBOTZOW  AJfS  S8T1MATX01 
the  dry  to  ay.— Lithium  salts  are  white,  excepting  those  wl 
such  as  chromic  acid.  They  are  more  readily  fusible  thai 
potassium  end  sodium,  and  are  permanent  in  the  fire,  if  thi 
easily  decomposed.  Fused  with  carbonate  of  Mdium  od 
a  dark  yellow  stain  round  the  ciroumference,  whilst  carbont 
luces  this  effect  to  a  much  smaller  degree  only  (Berse 
wire  they  colour  the  blowpipe  flame  carmine-red.  An  exce 
not  interfere  with  the  production  of  this  colour,  but  the  pi 
of  soda  givea  rise  to  the  yellow  flame  (H.  Rose).  Alcohol 
is  diasolyed  or  diffVised  m  the  state  of  fine  powder,  also 
flame  (C.  Gmelin).  The  same  occurs  also  with  paper 
of  a  salt  of  lithium,  or  the  wick  of  a  taper  saturated  wiui  n 
tate  of  lithium  (Turner,  Ed.  Phil.  J.  of  Sc.  iu  267 ;  iy. 
spectroscope,  the  oocuzrenoe  of  yery  minute  traces  of  lithi 
brilliant  crimson  band,  having  a  refranadbilitj  between  thos4 
solar  spectrum,  and  a  faint  yellow  band  somewhat  less  refra 
these  two  lines  the  whole  light  of  the  lithium  spectrum  is  < 

the  gas-flame  of  a  Bunsen's  Dumer.    At  very  high  temperat ,  _. 

of  a  liydrogen-flame,  a  blue  line  also  makes  its  appea 

2.  ReactiofiM  in  Solution. — All  salts  of  litniu 
carbonate  and  phosphate,  and  the  double  phosphaU 
slightly  soluble.  Hence  the  other  salts  of  lithium,  ' 
water,  yield  difficultly  soluble  precipitates  with  oarbc 
sodium,  and  with  phlosphate  of  sodium.  Carbonate  o. 
lithium  after  some  time  only.  Common  disodio  phos^ 
the  cold,  even  after  a  long  time,  except  on  the  additi 
gives  rise  to  an  abundant  precipitate.  But  a  mixtui 
phate  of  sodium  becomes  turbid  by  boilins  or  evap 
being  treated  with  water,  leaves  the  difficultly  soluble 

Pionkate  of  potassium  gives  no  precipitate^  even  c 
the  addition  of  ammonia,  an  abundant  precipitate  afl 
drofluosilicie  acid  throws  down  from  salts  ci  lithium 
■ilicium  and  lithium  (Berselius),  Kid  picric  add  pi 
Bose).  Solutions  of  lithium-salts,  even  when  cone 
perchloric  acid,  sulphate  of  aluminium,  dichloride  of 
add. 

A  solution  of  a  salt,  which  is  not  clouded  by  cans 
sate  of  sodium  at  •  boiling  beat;  but  yields  with  pho 
an  almost  insoluble  white  powder,  contains  lithia.    (] 

8.  Quantitative  Estimation  and  Separation 
other  metals,  may  be  estimated  as  carbonate,  sulphate, 
oij^anic  salts  of  Uthium  are  converted  into  carbonate, 
with  the  air.  All  lithium-salts  containiuff  volatile 
p>hate  b^  heating  them  with  sulphuric  acid:  the  ex( 
simple  Ignition,  without  addition  oi  carbonate  of  an 
form  an  acid  sulphate.  The  chloride  is  not  so  weU  ad 
as  the  sulphate,  on  aocouot  of  its  hygroscopic  qualil 
obtained  as  chloride,  in  the  process  of  separating  it : 

estimate  it  directly  in  this  form:  it  must  be  ignited 

weighed  immediately  after  cooling. 

Lithium  may  also  be  estimated  as  phosphate,  Li'PO^  by  evaporai 
a  lithium-salt  with  phosphate  of  sodium,  adding  a  quantity  of  hydi 
sodium  sufficient  to  keep  the  liquid  alkaline;  digesting  the  resic 
and  washing  the  precipitnte  with  a  mixture  ot  equal  volumes  of  ^ 
then  diyins  at  100^,  and  igniting.  The  determination  may  be  re 
by  repeate<Dy  evaporating  the  filtrate  and  wash-water,  and  treating 
of  lithium-phospnate  thereby  separated,  as  before  (W.  Mayer, 
xcriii.  193;  Jahresb.  1856,  p.  739).    According  to  Ra^melsbe 
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with  10  ptB.  of  eazboDBte  of  b«riiim,  6  pts.  sulphate  ol 
potaashim.  The  fhaed  mass  separateB  on  ooohng  into 
supernatant  white  crystalline  sla^  consisting  of  thi 
potassium,  and  sodium,  and  containing  nearly  all  the 
are  dissoWed  out  by  water,  and  oouTerted  into  chlori 
potassium  is  precipitated  by  chloride  of  platinum,  i 
sodium  are  separated  by  means  of  alcohol  and  ether, 
the  double  sulphate  A  lithium  and  potassium  may 
tallisation. 

8.  Triphyline  is  dissolved  in  strons  hydrochloric  add, 
bring  the  iron  to  the  state  of  ferric  oxide ;  the  solution  is  ei 
the  residue  is  treated  with  water,  which  leaves  all  the  in 
The  solution  containing  the  chlorides  of  lithium  and  mi 
phoric  acid,  is  treated  with  sulphide  of  barium,  which  r< 
stances ;  the  excess  of  barium  is  removed  by  sulphuric  acid 
ammonium),  and  the  filtrate  is  evaporated  to  dryness  and  ig 
thus  obtained  frequently  contains  chloride  of  sodium,  whi 
alcohol  and  ether.  The  chloride  is  then  converted  into  sulj 
caustic  lithiais  obtained  as  above.   (Miiller,  Ann.  Ch.  Phy 

Hydrate  of  Lithium,  LiHO,  separates  from  the  ai^ueous  k 
grains.  It  has  the  same  taste,  causticity,  and  alkabne  actio 
potash  and  soda,  but  is  much  less  soluble  in  water.  It  n 
forming  a  ftised  mass  which  has  a  crystalline  fracture.  It  6i 
at  a  white  heat 

Fused  lithia,  as  commonly  prepared,  corrodes  platinum  vessels  p 
silver  vessels  should  always  be  used  for  heating  it  This  action  upoi 
indeed,  to  be  one  of  the  best  indications  of  the  presence  of  lithium; 
Troost  (Ann.  Ch.  Pharm.  cxxiii.  884),  it  is  not  jiroduced  by  purs 
pure  lithium-salt,  but  only  by  such  as  contain  csBsium  and  rubidium 

Peroxide  of  Idtkium  is  said  by  Troost  to  be  formed,  together 
lithium  is  burned  in  oxygen  gas. 

MTHXUM,  SV&PBZBS  OV.  li^  This  compound  is  fon 
is  thrown  on  melted  sulphur ;  also  when  sulphate  of  lithium  is  heat 
charooaL    It  dissolves  in  water  and  alcohol  more  easily  than  lithia. 

XtlTBOCMtAFXT.    See  PBnmHO,  Chimtoat^ 

XtlTBOXAXOa.  Stone-marrow  (Steinmark),  A  kind  of 
are  two  varieties,  the  friable  and  the  indurated. 

Friable  lAikomarat, — Colour  white.  Massive  and  sometimo 
scaly  and  feebly  gUmmering;  streak  shining.  Slightly  cohe 
Feels  rather  greasy ;  adheres  to  the  tongue.  Light  Phosphorc 
constituents  are,  according  to  Klaproth,  silica  82,  alumina  26*6 
sodium  1*6,  and  water  17*0.    It  occurs  sometimes  in  tin-stone  vi 

InduraUd  LUhomarge,  Colours  yellowish  and  reddish-white. 
daloi'daL  Dull,  opaque.  Fracture  fine  earthy.  Streak  shin] 
easily  frangible ;  adheres  strongly  to  the  tongue ;  greasy  to  the  to 
2*44.  Infr^ble  before  the  bbwpipe.  Some  varieties  phosphore 
moistened,  afford  an  a^^«eable  smell  like  that  of  nuts.  Its  c 
45*26,  alumina  86*6,  oxide  of  iron  2*76,  water  14,  and  a  trace  ol 
It  occurs  in  veins  in  porphyry,  gneiss,  &C.,  at  Bochlits  in  Sa 
(Jameson.) 

&ZTBOBVaBBKUlE.  The  root-bark  of  Lithoepermum  arven 
colouring  matter,  which  reacts  with  water,  alcohol,  ether,  and  alkali 
as  that  of  alkanet  (i  128),  excepting  .that  the  lithosperm-red  ibm 
with  ether,  whereas  alkanet- red  forms  a  dark  red  solution.  (Ludwig 
B^p.  Chim.  app.  1869,  p.  211.) 

&ITMUII.  Laehmu.  Tcmmeeol  en  iKdns. — A  blue  colouring  n 
for  preparing  test-papers.  It  is  obtained  from  various  species  of  R 
and  LeeanorOf  the  same  lichens  in  fact  that  yield  archil  (L  866).  I 
experiments  of  G-^lis  (Bevue  Sdent  vi.  60)  that  the  blue  oc 
developed  in  the  lichens  by  fermentation,  when  the  proximate  prin 
them  are  metamorphosed  in  presence  of  an  alkaline  carbonate.  Un* 
the  air  and  ammonia  alone,  tnese  lichens  yield  nothing  but  archil ; 
carbonate  is  likewise  present,  the  lichens  undergo  a  totally  diiK*ient 
TOoduct  of  the  fermentation,  instead  of  bein^  r^  or  violet,  has  then 
This  blue  coloration  is  doe  to  the  combination  of  the  new  ooborin 
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732  LIVER  —  LOGWOOD. 

The  ammoniacal  Boltttion  of  aEolitmin  forms  with  the  sells  of  the  h< 
tates  which  are  x>Dd  or  bl«e,  aocoiding  to  the  qoAiititj  of  metal  oontai 
asolitmates  of  barium  and  calcium  are  blae.  The  lead-ccmpounii 
Tiolet  colour  when  recentir  prepared,  but  becomes  bine  when  dric 
to  contain  2C'H'FbN0*.Pb^0.  The  stannou§salt  is  a  lake  of  a  ft 
ezpoBore  to  the  air  in  the  moist  state  it  is  oonyerted  into  a  stat 
splendid  scarlet  colour. 

Azolitmin  sus^nded  in  water  through  which  chlorine  gas  is  p 
chlorazolitmm. 

Azolitmin  subjected  to  the  action  of  nascent  hydrogen,  is  disso' 
into  a  compound  called  by  Kane,  leucasolitmin,  which,  howeva 

rB,  because  it  oxidises  immediately  and  becomes  coloured  when 
white  compound  of  leucasolitmin  with  stannic  oxide  is  fom 
stannous  compound  of  azolitmin  with  water ;  on  exposure  to  the  ai 
oonyerted  into  the  scarlet  stannic  compound  of  aaohtmin. 

avrooamana  nnronow  o  v.'  See  Gltooo 


&XWR  or  SVIiPBirR.  An  old  term  applied  to  a  mu 
sulphides  of  potassium,  obtained  by  heating  sulphur  with  carbonat 
covered  TesseL    (See  Potassiuii,  Suuphzdm  of.) 

IiIJUVlATXOW.  The  application  of  water  to  the  fixed  xwad 
purpose  of  extracting  the  saline  pait. 

&IJL1V1UM.    A  solution  obtained  by  lixiyiation. 

]M>A]>8TOVB.    Magnetic  iron  ore  (p.  897) :  see  also  ILloh] 

I.OAM.    See  Cult  (i.  1023). 

laOmMLXMMm  An  alkaloid  existing,  according  to  Bastick  anc 
J.  Trans,  x.  270,  456)  in  Lobelia  inflata.  It  is  oily;  cannot  be 
decomposition  ;  dissolves  veiy  readily  in  water,  alcohol,  and  ether 
liaable  salts  with  hydrochloric,  sulphuric,  nitric,  and  oxalic  acids, 
precipitated  by  tannin.    It  acts  as  a  narcotic  when  taken  internally 

]M>BOZTB.  A  magnesian  vesuvian  from  Norway.  (See  Ynsin 
Syn.  with  LnucoFTBm  (p.  685). 
A  sulphate  of  magnesium  and  sodium,  HjgfNa' 
lichl,  approaching  astrachanite  in  oompositioa.  It  is  of  yellow 
grayity  2-376,  and  gives  by  analysis  52-35  SO*,  12*78  MgO,  18*8 
aad  0-66  Fe*0«  and  A1*0»- 99-21.    (Karaf iat,  Haid.  Ber.  1846, 

&OCIAVXTB.  A  variety  of  pyrosclerite  from  Calumet  Isla 
Canada,  where  it  occurs  associatea  with  serpentine,  phlogopite,  | 
in  crystalline  limestone.  It  has  a  weak  subreeinous  lustre,  pale 
colour,  and  greyish  streak.  Hardness  ^  3.  Specific  gravity  —  2*6 
in  crystals  with  rounded  angles,  which  appear  to  be  psendomoi 
angle  124^  near  that  of  hornblende.  Contains  82*49  per  cent  sij 
85*77  magnesia,  0*95  lime,  2*14  protoxide  of  iron,  and  16*92  water 
add)  -  101-45.    (T.  S.  Hunt,  Phil.  Mag.  [4]  ii.  65.) 

laOO'VroOB.  Bois  de  Campkhe.  BlauhoU.—Hht  tree  whi< 
is  called  by  linnnus,  Hamatoxyfum  campechianum. 

Logwood  is  so  heavy  as  to  sink  in  water,  hard,  compact,  of  a  flj 
being  polished,  and  scarcely  susceptible  of  decay.  Its  predominant  ( 
with  orange,  yellow,  and  black. 

It  yields  its  colour  both  to  spiritooos  and  watenr  solvents.  Alcol 
zeadilv  and  copiously  than  water.  The  colour  of  its  dye  is  a  fine  r 
to  violet  or  purple,  which  is  principally  observable  in  its  watery  dc 
to  itself  becomes  in  time  yellowish,  and  at  length  blade  Adds  tni 
deepen  fts  colour,  and  give  it  a  purple  or  violet  hue. 

Stuffs  would  take  only  a  slignt  and  fadins  colour  from  decoction 
were  not  previously  prepared  with  alum  and  tartar.  A  little  alum  ; 
bath.    By  these  means  they  acquire  a  pretty  good  violet. 

A  blue  colour  may  be  obtains  from  logwocKl,  by  mixing  verdigrii 
dipping  the  doth  tiU  it  has  acquired  the  proper  shade. 

The  great  consumption  of  logwood  is  for  blacks,  to  which  it  give 
vety  cast,  and  for  greys  of  certain  shades.  It  is  also  of  veaj  extensi 
compound  colours,  wnich  it  would  be  difficult  to  obtain  ofeqnal  be 
means  of  drugs  aiibiding  a  more  permanent  dye. 
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part  of  the  retort  begins  to  be  eovered  vil 
tion  of  eeoondary  products  cesses,  notlnng 
At  the  commencement,  a  smsll  qnsntitj 
apparentlj  resulting  from  the  deoomposi 
piodncts,  the  principal  of  which  is  aman 
cation  as  in  Laurent's  method  (1). 

Properties. — ^Lophine  fbrms  oobnrless  n 
and  haTing  a  lustre  similar  to  that  of  esl 
but  retain  their  Instre.  At  260^  the  ooi 
withont  prerioos  fosion,  and  withoat  di 
transparent  liqnid,  which  at  260^  solidifiei 
less  and  inodcnons,  with  scarcely  anj  alka 
fluorescenee  like  quinine,  but  not  in  so  hij 
liffht  (Gossmann  and  Atkinson).  G 
tamed,  b^  the  dry  distillatton  of  hjdri 
modifications  of  lophine^  one  crystallising 
(likewise  obtained  by  Bkman,  Ann.  Ch 
at  170O. 

The  composition  of  lophine  has  been  ti 
and  CTgW  (Laurent),  O^'H^N*  (Po 
son),  C*V*N>  (Lis8t]k  Fownes's  foraa 
the  s^ysen^  ana  likewise  ailbrds  the  best 
pound  from  hydrobeniamide  (or  from  am 


CulcmtmUem. 

Unr 

c« 

262 

861 

86-6 

H»« 

19 

6-4 

6-4 

N« 

28 

9-6 

9*2 

C?'H»«N»     299        1000        1002 

Laurent's  second  analysis^  which  difbra 
made  with  impure  materiaL 

Lophine  is  insoluble  in  water,  very  spi 
oystallising  in  needles  on  cooling.  It  mi 
and  in  aU  ^turpenHnej  whence  it  sepan 
dissolves  easily  and  without  deoomposittoi 

According  to  Ekman  (Ann.  Oh.  Phan 
19^  dissolve  0*81  pt  of  lq>hine,  and  at  ! 
point*  2*70  to  2*76  pts.;  and  100  pts.  e 
0*33  at  20^  and  0*32  at  21<>.  Of  an  indi 
sition  of  lophine,  and  formed,  together  wi 
chlorate  of  hydrobenzamide  at  160°-200o 
007  pt  at  16°,  and  0*33  to  0*87  pt  at  th 
boiling  point  dissolve  0*69  to  0*74  pt  of  I 

De^fftpoeitions. — ^Lophine  boiled  with 
It  is  dissolved  by  bromine,  without  evolut 
the  mass  is  dissolved  in  ether,  and  the  so 
spontaneous  evaporation,  beautiful  yellow 
these  crystals  give  off  bromine  when  hei 
turn  white  and  &11  to  powder  (Laurent] 
does  not  form  any  substitution-compoun 
together  to  100^  in  a  sealed  tube  for  seve 
is  decomposed  into  slcohol  and  hydriod 
(Gossmann  and  Atkinjon.) 

The  lophine-salts  are  for  the  most  p 
in  alcohoL — ^They  are  rather  unstable,  hs 
up  part  of  their  add  and  form  basic  comp 
sulphate.     (Gossmann  and  Atkinson. 

HydriodaU  of  Lophine,  C«'H'«N«.HI,  is  ] 
lises  readily  in  large  needles,  which  are  ] 
hydrochlorate.  Prom  a  veiy  acid  solutit 
solves  very  easily  in  iodide  of  ethyL  In  o 
(Gossmann  and  Atkinson.) 

Hydrochlorate  of  Lovhine,  C*'H'«N».HC 
tion  of  lophine  in  boiling  alcohol  conta 
sufficient  quantity  of  boilmg  slcohol  be  m 
no  immediate  precipitate  is  formed,  the  li< 
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736  LUTEOLIN. 

according  to  the  mture  of  the  opentioiui  to  be  peifoniiedy  and  of  ti 
distilled  in  theoe  TeeaeLB. 

When  THpoura  of  watery  liqncMn,  and  such  as  are  not  cocroaiTe, 
it  is  sufficient  to  aurroiuid  the  joining  of  the  reoeiTer  to  the  nose  d 
the  retort,  with  slips  of  paper  or  of  linen  ooTeied  with  flour-paste, 
slips  of  wet  bladder  may  be  oonTenientlj  need. 

When  more  penetrating  and  dissolving  Taponra  are  to  be  retainc 
employed  of  quicklime  slaisked  in  the  air,  and  beaten  into  a  liquid  p 
eega.  This  paste  is  to  be  spread  upon  linen  slips,  which  are  to  b< 
the  jomin^  of  the  Tessela.  This  lute  is  Tery  conyenient,  dries  eai 
and  sufficiently  firm.  Vessels  may  be  formed  of  it  hard  enough  U 
the  wheel. 

Lastly,  when  acid  and  oorroeiTe  Tapours  are  to  be  retaine 
recourse  to  the  lute  called  fat  lute.  This  lute  is  made  by  fori 
some  dried  clay  finely  powdered,  sifted  through  a  silken  siere,  ai 
water,  then  beating  this  paste  well  in  a  moitar  with  boiled  Unm 
which  has  been  rendered  drying  by  litharge  dissoWed  in  it,  and 
painters.  This  lute  easily  takes  and  retains  the  fbrm  giyen  to  i 
rolled  into  cylinders  of  a  convenient  sice.  These  are  to  be  applied,  1 
to  the  joinings  of  the  vessels,  which  ought  to  be  perfectly  dry,  beca 
ture  would  prevent  the  lute  from  adhenngr.  When  the  joinings  a 
this  £ftt  lute,  the  whole  is  to  be  covered  with  slips  of  linen  spread  wit 
whites  of  eggs.  These  slips  are  to  be  fastened  with  packthread, 
necessaiy  tokeep  on  the  fat  lute,  because  this  latter  remains  soft,  an 
solid  enough  to  stick  on  alone. 

Gutta  jpercba  may  be  united  to  glass,  in  tube  apparatus,  by  fnsin 
at  the  point  of  junction  by  means  of  a  hot  iron  knife-blade. 

Fine  porcelain  clay,  mixed  with  a  solution  of  borax,  is  well  adapi 
the  part  received  into  an  aperture  being  smeared  with  it 

ftUTBOIiZV.  The  yellow  colouring  matter  of  weld  {Reseda  iut 
isolated  by  Chevreul  (J.  Cbim.  m^  vL  157),  and  has  been  mo 
and  analysed  by  M  oldenhauer  (Ann.  Ch.  Phajrm.  c.  180^  and  by  S 
and  Paraf  (t^Vf.  Suppl.  i.  139).  Moldenhauer  prepares  it  by  exhi 
alcohol,  distilling  ofif  the  alcohol  from  the  extract ;  then  washing  wit] 
the  residue ;  exhausting  it  with  ether ;  dissolving  the  residue  left  c 
ethereal  solution  in  akohol;  adding  a  larger  quantity  of  water 
boiling  point ;  filtering  hot ;  and  leaving  the  filtrate  to  cooL  Thi 
purifi^  by  recrystallisation  from  boilins  very  dilute  spirit  oontainiE 
alcohol.  Schiitzenberger  and  Paraf  euaust  the  plant  with  alcoh 
extract  with  water,  and  heat  the  precipitate  with  water  to  250^  in  t 
the  luteolin  then  crystallises  on  the  sides  of  the  vessel  on  cooling,  ax 
by  two  crystallisations  from  superheated  water. 

Luteolin  crystallisee  from  solution  in  boiling  dilute  aloohol,  also  fri 
solution  in  dilute  sulphuric  or  acetic  add,  in  yellow  four-sided  ne 
radiate  groups ;  it  may  also  be  obtained  in  neeoles  by  careful  sublii 
at  320^  witn  partial  decomposition,  to  a  black-brown  mass.  It  i 
slightly  bitter,  astringent  taste;  dissolves  in  li,000  pts.  of  cold  and  5 
UHiter,  in  37  pts.  aloohol  [at  what  temperature?]  and  in  625  pts.  of 
litmus  paper  slightly,  and  unites  with  metalUc  oxides.  It  dissolves 
colour  in  caustic  aJkaUs  and  alkaline  carbonates^  remaining  in  the  pi 
ammoniacal  solution  is  evaporated  (Moldenhauer).  By  proloi 
ammonia^  it  is  completely  dissolved,  forming  a  deep  yellow  solu 
on  evaporation  a  dark  coloured  residue  which  gives  off  ammonia  v 
potash  (Schiitzenberger  and  Paraf).  In  cold  dilute  acids  it 
soluble ;  more  easily  in  cold  concentrated  sulphuric  acid^  forming 
from  which  it  is  separated  by  water  without  alteration.  It  dissolvei 
concentrated  hydrochloric  acid^  more  easily  in  warm  concentrated  i 
nearly  insoluble  in  that  acid  when  cold.  Dilute  nitric  acid  acts  u 
heated ;  strong  nitric  acid  dissolves  it  with  deep  red  colour,  1 
decolorised  by  prolonged  boiling,  with  formation  of  oxalic  acid  ( 
Heated  to  200°  with  phosphoric  anhi/dride^  it  yields  a  red  subetanc 
with  violet  colour  in  ammonia  (Schiitzenberger  and  Paraf). 
chromate  of  potassium  and  sulphuric  acid^  it  ^elds  formic  add.  It  d 
a  solution  of  gel4itin^  but  forms  a  green  precipitate  with  a  veiy  dilute 
chloride^  and  colours  a  concentrated  solution  brown-red  (Mo  Id  en  ha 
to  Chevreul,  the  aqueous  extract  of  weld  forms  beautiful  yellow  pred 
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738  LUTIDINE— LYCINE. 

MerwHe  salt  of  24i/«im«,  G^H*N.Hga*.    TMh  salt  Bepuates  fra 
alcoholic  floltttions  of  lutidine  and  mercuric  chloride,  as  a  white 
from  dilute  solations  it  ia  gradually  deposited  in  radiating  erystali 
boiling  water,  with  partial  decompoaition ;  more  freely,  and  wit] 
boiling  alcohol.    (Anderson.) 

Palladium^alti.— The  chloropalladite  of  /3-lutidine,  2(C*H'N 
tained,  as  a  nearly  solid  mass  of  garnet-red  prisms,  on  leaying  a  m 
hydrochloric  acid,  and  chloride  of  palladinm,  to  itself  for  four  days, 
a  long  time  to  100^,  it  is  decomposed,  1  at.  hydrochloric  acid  being  { 
of  the  salt,  and  leaying  the  compound : 

C"H«^*Cl«Pd«  -  2((rH»NJB[a)J»dCl«.2(rH»N Jd( 

The  chloride  of  paaadW'fi4iUidyl-ammomum,  HP  \  ^^'^'^  |  a«,  t 

the  last-mentioned  substance,  is  easily  obtained  by  acting  on  chloric 
solution  with  /3-lutidine.  This  base  is  not  easily  soluble,  and  pi 
(Williams.) 

On  mixing  solutions  of  hydrochlorate  of  lutidine  and  chloride  of 
similar  in  concentration  to  those  abore  employed,  no  crystals  we] 
time  that  the  contents  of  the  vessel  containing  the  /3-lutidine  hac 
and  eyen  after  a  month's  repose,  the  quantity  obtained  was  much 
/3-lntidine. 

Platinie  Malta.  —  The  ehloroplaiinatee  of  both  bases  hayt 
2(C^*N.HGl).Fta\  and  crystallise  in  rectangnkr  tablets;  but 
exhibits  the  same  superior  facilf 
gold-  and  palladium-salts.  Tht 
tha  formation  of  the  lutidine-sa) 
case  with  the  /3-lutidine-salt,  a  i 
chloride  and  a  large  excess  of  1 

Jkoomponiion  qf  the  PUUinic 
to  decompose  the  instant  the  so 
beginning  to  deposit,  and  rapi 

this  salthasthecompositionof /« 

The  solution  of  chloroolatin 
active  boiling  before  any  aeposi 
the  deposit  was  very  small. 

PlatinouB  salts. — When  equal  weights  (1  grm.  each)  of  pUtii 
/3-lntidine  were  mixed  in  an  apparatus  surrounded  with  a  non-eondi 
temperature  rose  from  16°  to  84°,  and  a  hard  brittle  product  was 
almost  exactly  in  composition  with  the  formula  2C^H'N.PtCl'.  T 
treated  with  platinous  chloride  under  exactly  the  same  condition 
rose  two  degrees  higher ;  but  the  product,  instead  of  becoming  a 
remained  of  the  consistence  of  treade. 

Substiiutum'derivatiifes  of  LuUdime, 

ETHTL-/3-LTrrroncB. — A  mixture  of  1  yoL  /3-lutidine  and  2  vol.  iodid 
a  sealed  tube  to  94°  for  three  minutes,  solidified  on  cooling  to  a  mass  < 
of  ethyl- fi-lutidine,  C*H«(C«H»)N.HI.^The  platinum'saU  prepared 
usual  way,  crystallises  in  superb  orange-coloured  fronds,  containio 
PtCl^.  This  salt  when  boiled  with  water  turns  black,  and  deposiu 
two  days'  boiling,  it  yielded  27*6  per  cent,  of  the  metal,  the  original  sa 
per  cent.     (Gr.  Williams.) 

BrHTL-LTJTiDiNa. — ^A  mixture  of  lutidine  and  iodide  of  ethyl  in  the 
heated  to  the  same  temperature  for  the  same  time,  showed  no  signi 
on  cooling.  It  required  an  hour's  digestion  to  e€fect  combination ;  i 
hours,  only  half  the  product  had  crystallised,  the  rest  remaining  in  tl 
(Gr.  Williams,  Proc  Roy.  Soc.  xii.  311.) 

MBTHTL-^-LUTiDiifB.  C*!H"N  -  CH^CH«)N.— j8-lutidine  mixi 
methyl,  becomes  heated,  and  forms  hydriodate  of  methyl- fi-lutidine,  i 
in  water  and  alcohol,  but  nearly  insoluble  in  ether.  Its  alcoholic  s 
to  a  syrup,  remains  liquid  if  left  at  rest ;  but  on  toudiing  it,  bea 
shoot  through  the  liquid,  which  soon  becomes  completely  solid.  T 
2(C«H"N.HCl).Pta*,  forms  crystals  containing  3029  per  cent  pUit 
liams,  Ed.  PhD.  Trans,  xxi.  [2]  317.) 

IiTCZVa.    (Husema  n  n  and  Marm^,  Ann.  Ch.  Pharm.  Suppl 
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740  LTNCURION-1 

F  at  ooenn  in  lymph  only  in  small  qnantitieB, 
form ;  in  tlie  lymph  of  the  hone,  Naase  found  0' 
per  cent  of  alkaline  salts  of  f&tty  adds;  whilt 
berg  found  0*264  per  cent  of  a  pale  reddish  fii 

The  lymph  also  contains  lactates. 

In  horses'  lymph,  Nasse  fonnd  0*0766  per  < 
in  alcohol,  and  0*9877  per  cent,  soluble  in  wa 
and  Schlossberger,  the  vhole  of  the  extractiy< 
Nasse  iras  unable  to  detect  urea  in  the  lymph 

Mineral  eonstituenU, — In  lymph,  as  in  all  tiie 
the  preponderating  mineral  constituent:  in  horses 
to  0*4123  per  cent  Alkaline  carbonates  ¥ 
the  quantity  bdn^  estimated  at  0*066  per  cent ;  1 
the  ash  of  the  sohd  constituents  of  the  lymph,  h< 
of  alkaline  carbona^s.  The  presence  of  amm 
by  Nasse,  has  been  definitely  established  in  hors< 
Nasse  found  that  horses*  lymph  is  comparatively 
in  it  pre-formed;  he  estimates  the  quantity  oi 
cent  Alkaline  phosphates  occur  only  in 
salts,  with  a  small  quantity  of  ferric  oxide  (ai 
few  blood-corpuscles),  were  found  by  Nasse  to  an 
lymph. 

The  ouantitjr  of  water  in  lymph  appears  to  1 
in  the  blood-plasma.  In  human  lymph,  Marchan< 
found  92*436  per  cent,  water ;  in  tbs  lymph  of 
▼ary  from  92*6  to  98*87  per  cent 

Nasse  has  instituted  an  interesting  oomparist 
the  composition  of  the  lymph  and  of  the  blood-sei 
that  the  individual  salts  stand  to  one  another 
liquids,  although  their  absolute  (quantity  is  veiy 
tively  larger  proportion  of  water  in  the  lymph. 

There  are  also  considerable  differences  in  the 
stituents  stand  to  the  organic  matters  in  the 
correspond  to  1036  pts.  of  organic  matters  in  th< 
is  as  100  to  only  78i6.  According  to  Marchand 
organic  and  inorganic  matters  in  nearly  equal  part 
translated  by  Day,  ii  299.) 

ftlflCUJUOW.    A  Greek  name  for  Ambib. 


M. 


I  is  the  arilltu  or  envelope  of  the  fruil 
It  forms  a  somewhat  thick,  tougn,  unctuous,  n 
brown  or  orange  colour ;  has  a  somewhat  more 
warm  and  pungent  taste,  and  is  used  as  a  oondin 

Mace  contains  two  oils,  one  of  which  ii  uncti 
butter ;  the  other,  which  is  obtained  by  distillati( 
Bv  cohobating  four  times,  4*7  per  cent  oil  ma 
Pharm.  xliii  296);  from  old  mace,  4*1  per  cent, 
parent  and  colourless ;  of  specific  gravity  0*931 
burning  aromatic  taste.    It  forms  a  permanent  Ii 

aiAC&B  is  the  name  given  to  certain  spots 
rest;  sometimes  proceeding  from  difference  of  ag( 
of  a  foreign  substance :  day-slate,  for  example,  i 

BKACnbas.    Twin-crystals  (ii.  159). 

LCXimuv.    Syn.  with  MoniNTANinc  Ac 

B.  Garanee,  £nipp.— The  root 
in  dyeing  for  the  production  of  a  variety  of  col( 
and  chocolate.  Otner  spedes  of  Bubia  yield  simil 
MS  dyeing  materials ;  viz.  R.  Mvmgigta,  or  Mu% 
regions  of  Hindoostan,  and  is  used  in  that  count] 
figures  seen  in  the  chintx  calicoes  of  the  East  In< 
vated  in  the  Levant,  where  it  is  called  Alieofi,  i 
ths  name  of  TStrkejf-rooU  ;  but  Sulria  tinctorum 
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U2  MADDER. 

Aliiarin,  the  Luarie  acid  of  Debus,  Madder-red  of  Range 
rtmae  of  Qatdthier  de  Claabry  and  Pence,  was  obtained  hy  Bobiqi 
Bublimate,  in  beantifiil  reddisn-yellov  needles ;  but  the  mode  of  prep 
adopted  left  it  uncertain  whether  the  alizarin  pre-eidsted  in  mwide] 
of  deoomposition  of  some  other  body  produced  by  hAfti-- 

It  may,  however,  be  extracted  nom  orduiaiT  n 
action  of  aolyenta,  and  obtained  in  oyatals  witnou 
in  ordinary  madder  may  be  inferred  (see  i.  114 
GmeUn's  Haindbook,  ziii.  826,  and  ziy.  180).  Its  i 
definitely  established.  Wolff  and  Strecker^s  formu 
with  the  relation  of  alisarin  to  chloronaphthalic  ad 
pounds  being  conyerted,  by  the  action  of  nitric  aci^ 
formula,  G*^S'*0\  appears  to  explain  more  clearly  tfa 
(p.  746) :  it  must  be  remembered,  howeyer,  that  th< 
means  well  established.  Alizarin  is  yery  little  solubl 
but  nearly  insoluble  in  aluminium-salts.  Its  alkali 
or  purple  colour,  and  it  forms  lakes  of  yarious  o 
metallic  oxides. 

Purpurin,  the  Madder-puirpU  of  Runge,  Mati 

Claubry  and  Persoz,  Oxilisarie  acid  of  Debus,  is  e 

processes  as  alizarin,  and  separated  from  it  by  its 

It  bears  considerable  resemblance  to  alizarin,  yiel 

heated,  and  being  y^  sparinsly  soluble  in  wa 

The  properties  by  whidi  it  is  distinguished  from 

boiling  alum-liquor,  fDrminff  a  solution  of  a  b 

fluorescence ;  and  secondly,  the  colour  of  its  alkalin< 

blight  red ;  wheress  alizarin  forms  yiolet  solution 

might,  howeyer,  be  produced  by  the  admixture  of  soi 

and  accordingly  some  chemists,  as  already  obsen 

distinct  substance,  but  attribute  all  the  colouring  po 

are,  howeyer,  other  characters  which  show  beyona  < 

substance :  yiz. — 1.  Its  decomposition  when  exposec 

colour  of  the  liquid  then  changing  from  bright  red  to 

appearing  almost  entirely,  after  which  purpurin  can  i 

tion,  whereas  alizarin  suffers  no  such  deoomposi 

properties.    Stokes  has  shown  that  when  a  solution  c 

the  spectrum  which  it  exhibits  is  totally  different  fi 

manner  by  alizarin.    (See  Lioht,  p.  638 ;  also  Puni 

Considerable  difference  of  opinion  likewise  exists  i 

and  purpurin  as  dyeing  materials.  According  to  Rol 

most  permanent  madder-colours  are  produced  by  aliza 

are  of  opinion  that  the  liveliest  tints  are  produced  b 

likewise  pUys  the  principal  part  in  the  manufacture 

Kopp,  on  the  other  hand,  the  real  basis  of  Turkey-re< 

that  purpurin,  though  it  dyes  mordanted  fabrics  p< 

so  great  a  degree  of  stability,  and  has  not  so  great  an 

From  Schnnck*s  experiments,  it  appears  that  all  i 

obtained  by  means  of  alizarin,  and  that  the  colours  sc 

as  ordinary  madder-colours  are  after  a  long  course 

They  are  likewise  equally  £ut,  and  quite  equal  to 

power  of  resisting  decomposition  by  soap^  alkalis,  &o. 

^  In  short,  the  final  result  of  dyeing  with  madder  ani 

simply  the  combination  of  alizarin  with  the  yarious  m 

be  shown,  indeed,  that  the  finer  madder-colours  contaii 

nation  with  the  mordant  If,  for  instance,  a  few  yards  oi 

with  hydrochloric  acid  to  remove  the  alumina  of  the 

treated  with  caustic  alkali,  a  violet  solution  is  obtaix 

yellow  fiocks  consisting  of  almost  pure  alizarin.    Purp 

to  have  almost  entire^  disappearod  from  all  maddei 

jected  to  a  long  course  of  after-treatment ;  a  result  quite 

mentioned  of  the  decomposition  of  purpurin  in  alkalin< 

(Schunck.) 

Madder  Iflcewise  contains  certain  yellow  oolourinff  matters :  but  th 
not  positively  ii\juriou8,  in  the  process  of  dyeing.  Rubiacin  is  a  yt 
oolouzing  matter,  coinciding  in  most  of  its  properties  with  the  maddrr-^ 
It  is  only  slightly  soluble  in  boiling  water,  but  dissolves  more  freely  iz 
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744  MADDER. 

The  Alsace  madder  (aSjaown  on  a  hij^y  ealeareooB  soil  yielded  8' 
b  yielded  8*4  per  cent    The  eeed  of  Ayignon  madder  gare  8*14  per  a 

Formation  of  the  Red  CoUmrmg  Matters, — ^The  ertraction  of  alisai 
from  madder  by  the  acdon  of  aolTenta  shows  that  these  ooloarinff  mai 
formed  in  madder  in  its  ordinary  state,  as  used  by  the  dyer.  Bat  i 
qaestion  whether  they  exist  in  the  root  while  growing  or  when  n 
whether  they  are  formed  by  any  sabseqnent  process  of  chemieal  chanj 
long  been  known  that  when  ground  madder  is  kept  tightly  packed 
Bt&ntly  improves  in  quality  for  sereral  years,  after  which  it  again  det 
was  idways  supposed  that  this  effect  was  due  to  some  process  of  si 
The  real  nature  of  the  change,  however,  remained  for  a  long  time  nnl 
supposes  that  the  chiuige  which  goes  on  consists  in  the  conversion  of  i 
purm ;  but  this  would  constitute  anything  but  an  improvement  in  q 
colours  produced  by  purpurin  are  in  most  respects  inferior  to  those  of  a 
this,  alisarin  is  a  body  not  easilv  decomposed,  unless  exposed  to  th 
potent  agents ;  and  any  portion  of  it  once  formed  in  the  rooty  would  pi 
uction  of  air  and  moisture  for  a  very  long  period  of  time,  if  not  entin 
of  Manchester  states,  as  the  results  of  his  experiments  on  this  subject, 
in  madder  a  peculiar  albuminous  ferment,  which,  by  acting  on  the  xi 
to  the  formation  of  coburing  matter ;  and  that  tbia  nrooess  takes  plae 
even  during  the  short  peri<M  of  time  occupied  in  dyeing.  This  viei 
finned  in  its  main  features  by  the  experiments  of  Schunck. 

That  the  whole  of  the  colouring  matter  of  madder 
article  as  used  by  the  dyer,  may  be  rendered  evid 
madder  be  exhausted  wiUi  cold  water,  the  clear  wi 
alizarin  or  other  colouring  matter,  since  these  an 
Neverthdees,  the  extract  wnen  gradually  heated  is  fo 
way  as  madder  itself  If  made  tolerablv  strong,  it  ] 
a  very  bitter  taste ;  but  if  it  be  aUowed  to  stand  iz 
gelatinises,  and  the  insoluble  iellv  which  is  formed  ii 
tinctorial  power  of  the  U^uid,  while  the  latter  hai 
taste.  Hence  it  may  be  inferred  that  the  substanc 
bitter  taste  and  yellow  cobur,  is  capable  of  giving 
portion  of  coburing  matter.  By  extracting  madder 
gelatinisation  or  coagulation  is  prevented,  and  the  ea 
bitter  taste ;  a  proof  that  the  coagulation  observed  i 
resalt  of  some  process  of  chemical  change  which  is 
sufflciently  raised.  When  the  extract  is  agitated  with 
absorbs  the  bitter  principle,  and  gives  it  up  again  t< 
evaporation  leaves  it  in  an  almost  perfect  state  of 
obtained  a  substance  to  which  he  has  ^en  the  na 
principal  characteristics  are  these : — It  is  amorphoui 
vellow  colour  and  an  intensely  bitter  taste,  is  easily 
18  not  a  colouring  matter  in  the  practical  sense  of  1 
in  dyeing  only  the  fkintest  shades  of  colour.  But  if 
sulphuric  acid  and  boiled,  it  gradually  deposite  a  < 
and  becomes  almost  colourless.  These  flocks,  after 
d^e  exactly  the  same  colours  as  alizarin.  In  fiust  t 
gives  the  reactions  of  sugar.  Taking  this  fact  into 
to  give  an  account  of  the  principal  ohanffe  which  tal 
fkcSuring  garuncin.  It  is  evident  that  during  this 
becomes  converted  into  the  difficultly  solubb  alizarii 
an  actual  formation  of  colouring  matter  which  is  add 
root  A  similar  change  takes  place  when  caustic  al 
A  solution  of  rubian  on  beinff  mixed  with  caustic  pd 
on  being  boiled,  it  becomes  dark  purple  and  deposit 
chiefly  of  a  compound  of  alizarin  with  alkali,  insolu 
also  decomposes  rubian  with  great  focility ;  but  in  oi 
is  not  indifferent  what  ferment  is  taken :  a  peculiar  f 
A  solution  of  rubian  may  be  left  for  several  days  ii 
albumin,  casein,  emulsin,  &c.,  without  showing  any  i 
of  madder  with  cold  water  be  mixed  with  a  la^  exi 
culour  are  precipitatnl,  which,  after  beina  well  wash 
eist  chiefly  of  an  azotised  piineipb  called  Ery thro: 
powerful  decomposing  effect  on  rubian.  If  some 
a  watexy  solution  of  rubian,  and  the  mixture  be  le 
perature,  the  rubian  is  found  after  a  few  hours  to 
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748  MADDER. 

Robiaii«t  have  shown  bj  aqpcnment  t 
addition  of  lime  is  nther  miorioiiB  than 
addiuff  to  their  danbOitj.  On  the  othei 
oolonrmg  matters,  or  of  pectic  add  to  alii 
then  aoqniring  an  orange,  and  the  pai 
brownish,  and  the  white  parts  of  the  i 
effects  disappeared  completely  as  soon  ai 
satorated  with  lime,  the  tinctorial  powe 
original  intensity.  Too  ^reat  a  quantity 
take  hold  of  the  alisarin  itself,  and  preri 
VrepamtloBS  of  WMmOAmr.  Since : 
impair  the  brightness  and  permanency  o 
rin,  it  follows  that  the  process  of  dyeii 
preTious  removal  of  these  substances.  T 
sulphuric  add,  which  destroys  the  rubiae 
tractiTe  matter,  ^,  and  at  the  same  tin 
the  madder,  increases  the  quantity  of  i 
poduoes  dyes  which  require  less  deari 
IS  this  fVirther  advantage  in  its  use,  that 
is  ayailable  for  dyeing,  whereas  when  er 
colouring  matter  remains  in  the  residue  y 
the  use  of  the  following  preparations  of  i 

1.  Sulphuric  Charcoal  ((^arbo 
Bobiquet  to  a  product  which  he  obtainc 
siderahle  quantity  of  rather  strong  sulpb 
water,  filtering,  washina,  and  diying  tne 
fine  colours ;  but  being  difScult  and  costl; 
has  been  abandoned,  excepting  for  the  p 
into  commerce  by  MM.  Lagier  and  Tho 
rio  charcoal  with  alcohol  and  distilling  1 

2.  Garancin,  first  prepared  by  Li 
similar  manner  to  sulphuric  charcoal,  ( 
added  (less  than  a  thira  of  the  weight  ol 
diluted  with  water  and  boiled  for  a  Ion 
ground  with  a  small  quantity  of  chalk  c 
may  be  retained  by  the  woody  fibre.  Mi 
Garancin  colours  are  regarded  as  some^ 
from  madder ;  but,  if  the  garancin  be  W4 
brilliant,  and  the  white  ground  remains 
ever  not  quite  satisfactoiy,  and  to  obtaii 

3.  Pin  coffin,  or  Alizarins  eammerei 
Manchester,  is  a  garancin  prepared  and  wi 
as  possible,  and  heated  above  100^  by  hi 
of  brown  colourinp;  matter  is  destroyed 
pure  and  bright  violet  tints  without  reqi 
with  it  are  equally  satisfoctoiy. 

4.  Garanceux. — ^This  is  a  product 
dye-houses,  which,  as  alreadv  observed,  i 
matter,   with  sulphuric  ado,  then   filt 
substance  thus  obtained  still  dyes  tolera 
patterns  not  containing  rose  or  violet  tii 

6.  Flowers  of  Madder  (#70tcr<20  G 
madder  first  prepared  at  Avignon  by  Ml 
pended  in  water  containing  a  small  prop 
nates,  partly  to  render  the  colouring  pn 
the  water  for  some  hours,  daring  which 
become  insoltfUe,  and  sometimes  a  true : 
carefully  washed,  so  as  to  remove  only 
being  strongly  charged  with  sugar,  ar 
subsequently  distilling  them,  a  considen 
jrields  about  60  pcor  cent  of  this  product, 
bodies,  and  especially  ftom  the  brown 
yield  much  finer  colours  than  madder  its 
cultivated  at  the  present  day  is  convertc 

6.  Madder  Extracts. — All  the  | 
whole  of  the  woody  fibre  of  the  root,  ai 
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760  MADDER-MAGNESITE. 

and  he  estimates  the  united  oolonring  powers  of  these  materials  as  e 
that  of  the  madder  if  employed  in  the  erode  state. 

It  does  not  appear  likely  that  any  other  antiseptie  substance  can  be 
Bubetitated  for  ue  snlphurous  add.  Kopp  has  nnsooc^ssfally  tried  ] 
arsenioos  acid,  and  volatile  oils ;  while  the  use  of  antiseptie  salts,  s 
alumininm,  mercury,  copper,  lead,  &c  is  inadmissible,  because  the 
always  contain  a  portion  of  the  colouring  matter,  would  be  contaminal 
oxides,  and  could  not  then  be  rendered  aTailable  for  dyeing,  in  the  I 
orgaranceux.  (See  Hofmann's  Report  on  ChenuaU  Products  and 
International  Exhibition  of  1862.) 

7.  Madder  Lakes. — These  lakes,  which  are  obtained  by  pndj. 
extracts  of  madder  or  its  derivatlTes  with  salts  of  aluminium,  iron,  tn 
cially  with  alimiinium-salts,  possess  a  degree  of  fiutneas  which  withstai 
aeents.  They  are,  however,  but  little  used  in  dyeing  and  calioo-prii 
of  their  high  price,  but  are  extensiyely  employed  as  artists'  pigments, 
ration  of  an  aluminous  madder-lake,  see  Lua  (p.  466) ;  also  Ur^ 
Arts,  jv^  iii  16. 

The  r^due  of  madder  treated  with  sulphurous  add  by  R  Kopp's 
yet  exhausted,  yields,  when  washed  with  boiling  water,  a  yellow  iiqu( 
a  considerable  quantity  of  colouring  matter  or  of  rubian.  This  aq 
a  salt  of  aluminium  more  or  less  neutralised,  ftunishes,  on  boiling,  I 
coloured  lakes,  according  as  the  proportion  of  aluminiumnuilt  is  ^;reate 

The  same  liquid  mixed  with  milk  of  lime,  produces,  on  boiling,  a 
(a  compound  of  alizarin  and  purpurin  with  lime),  whidi  may  serve  f^ 
double  decomposition,  other  compounds  of  the  colouring  matter  with 
or,  if  decomposed  with  heated  hydrochloric  add,  it  will  yield  the  oolo 
the  form  of  a  yellow  or  brownish-yellow  extract  resembling  colorin  (p. 

Valnatton  of  Madder.  The  method  usually  w 
of  any  sample  of  madder,  is  to  dye  a  certain  quani 
weighed  quantity  of  the  sample,  and  compare  the  dept 
those  produced  oy  the  same  weight  of  another  sample 

Thibierge  (R^p.  Chim.  app.  1863,  p.  157)  proper 
sample  of  nuidder  by  predpitatinff  the  alcoholic  tinct 
with  100  times  its  weight  of  alcohol,  with  a  standar 
lead.  A  similar  method  was  proposed  some  time  ago  1 
the  precipitate.  Thibierge  states  that  the  colour  of  th( 
if  controlled  by  that  of  the  predpitate  produced  b^ 
characteristic  to  detect  the  presence  of  sny  adulteratio 
with  a  standard  solution  of  acetate  of  lead  is  certain] 
be  proved  that  the  predpitation  is  regular  and  com 
vitiated  by  the  presence  of  any  foreign  body  extracted 

Madder  is  sometimes  adulterated  with  sand,  clay,  b 
oak-bark,  logwood,  and  other  dye-woods,  sumach,  and  < 
adulterations  are  difficult  to  detect.  Those  which  co 
by  the  usual  tests  for  that  substance,  since  madder  a 
teration  is  of  a  mineral  nature,  its  presence  may  be  del 
quantity  of  the  sample.  If  the  quantity  of  ash  which  i 
teration  may  be  suspected. 

MABBSS,  BAST  nTBZAir.    See  MxwJBVT. 

MABBBPOBBS.  Calcareous  concretions  produced  by  polypi, 
surface  of  calcareous  ramifications  which  are  fixed  at  their  base,  an( 
numerous  pores. 

aKAOZSTBBir-  A  term  formerly  applied  to  certain  white  precipi 
basic  nitrate  of  bismuth  thrown  down  on  adding  water  to  a  solution 
nitric  add,  was  called  magistery  of  bismuth. 

VULQVULm  A  predpitate  or  mass  of  crystals,  or  mixture  of  subst 
or  pasty  state. 

The  oxide  of  magnesium  (p.  754). 

. AXAA.    A  phannaceudcal  preparation  consistin 

of  several  hydrocarbonates  of  magnesium  obtained  by  predpitating  a  soli 
salt  with  an  alkaline  carbonate.    (See  Cabbonatbs,  i.  788.) 

KOBA*    An  old  name  for  black  oxide  of  mangai 

Native  carbonate  of  magnesium.    (See  C^RBONi 
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752  MAGNESIUM. 

Alter  in  a  diy  atmosphere,  but  in  damp  air  soon  becomes  coTeved  witl 
of  magnesittm.  Heated  to  redness  in  the  otr,  or  in  oxy^n  gat,  it  bnr 
bluish-white  light,  and  forms  magnesia.  The  light  of  burning  mag 
ably  rich  in  chemical  rays,  and  may  be  used  for  taking  photograph 
pore  cold  water  buts  lowly,  acidulated  toater  yeiy  qni^y ;  when  tl 
hydrochloric  acid,  it  takes  fire  momentarily;  strong  nupkune  aim 
slowly ;  a  mixture  of  sulphuric  acid  BmAfuminuf  nitric  add  does  not 
clinary  temperatures.  It  bums  when  heated  in  cUorimegat;  also  i 
though  with  less  facility ;  in  nilphur  and  iodine-vapour  very  brilliant 
unites  directly  with  nitrogen,  forming  a  transparent  czystallisei 
(DeTille.) 
Magnesium  forms  bat  one  series  of  oomponnds,  in  which  it  is  dial 

The  chloride  Mg^Cl*     -     24     +   2.86*6  -     96 
The  oxide  MgTO  »     24     +       16      «      4C 

MAOWBSZUMC,  smOMXDB  OV*  DflgBr*,  is  fonnd  in  sea-wata 
salt  springs.  It  is  produced  by  heating  magnesium  in  bromine-yap 
the  yapour  oyer  an  ignited  mixture  of  magnesia  and  charooaL 
state,  it  is  a  white  mass  of  crystalline  aspect,  which  is  not  fusible 
and  not  yolatile.  It  deliquesces  rapidly  in  the  air,  and  dissolyei 
hissing  noise  and  eyolution  of  heat.  The  solution,  which  may  al 
dissolying  magnesia  in  hydrobromic  add,  yields,  by  eyaporation  c 
crystals  containing  3  at.  water.  When  eyaporated  by  heat,  it  giyes  ( 
drobromic  add,  and  leayes  a  mixture  of  magnesia  and  bromide  of  n 

OVf  MgCl*,  is  an  ingredient  a 


many  salt-springs  and  other  mineral  waters.  It  is  produced  when 
in  chlorine  gas,  also  by  passing  a  stream  of  chlorine  oyer  an  \\ 
magnesia  and  charooaL  This,  howeyer,  is  not  a  good  mode  of  pf 
the  chloride  of  magnesium  has  but  little  yolatilitgr,  and  does  not  se] 
the  charcoal.  Neither  can  the  anhydrous  chloride  be  obtained  by  di 
in  hydrochloric  add  and  eyaporatin^  to  dryness,  because  it  is  then  ] 
by  the  water,  giying  off  hydrochloric  add  and  leaying  magnesia, 
preparing  it  is  to  vmpan^te  to  dryness  a  solution  of  magnesia  in 
mixed  with  sal-ammoniac,  and  ignite  the  residue  in  a  platinum  a 
chloride  of  magnesium  and  ammonium  is  thus  formed,  ftoin  which  th 
before  it  can  decompose  the  chloride  of  magnesium ;  and  at  a  highe 
anhydrous  double  chloride  is  likewise  deoomposed,  giying  off  s 
leaying  pure  chloride  of  magnesium. 

Anhydrous  chloride  of  magnesium  is  a  white  translnoent  mass  oc 
flexible  crystalline  plates,  haying  a  JMsrly  lnstre,and  sharp  bitter  tai 
clear  liquid  at  a  low  red  heat.  It  dissolyes  readily  in  water,  with  o 
temperature.  The  hydrated  chloride  is  deposited  from  a  hot  conceu 
cooling,  in  needles  and  prisms  containing  MgCl'.6H*0.  The  crystal 
quescent,  dissolve  in  0*6  pts.  of  cold  water,  in  0*273  pts.  of  hot  watc 
alcohol  of  specific  grarity  0*817. 

Chloride  of  magnesium  unites  with  the  alkaline  chlorides.  T 
KCl.MgC1^6H'0,  crystallises,  by  careful  eyaporation  f^om  the  last 
sea-water  in  rhombohedral  crystals. — The  eodimmreaU  contains,  aocor< 
(Compt.  rend.  xx.  1180),  NaCLMga«.H«0. 

BKAOVBBZUBI,  BBTBOTZOW  AVD   BSTZXATZOV  i 

salts  are  colourless,  unless  they  contain  a  coloured  acid.  The  carbo 
phate,  arsenate,  arsenite,  and  many  of  the  organic  salts,  are  insolu 
most  of  these  salts  are  soluble  in  a  solution  of  chloride  of  ammou 
others  are  soluble.  The  aqueous  solutions  haye  a  bitter  taste.  All 
excepting  the  ignited  metaphosphate,  dissolve  in  hydrochloric  add. 

1.  Reactions  in  the  dry  way, — All  magnesium-salts  contain 
are  decomposed  by  ignition,  leaying  a  residue  of  magnesia.  Magnc 
before  the  blowpipe  with  a  small  quantity  of  nitsrate  of  cobalt,  lea^ 
residue. 

2.  Reactions  in  Solution. — Solutions  of  magnesium-salts  are  i 
sulphydric  acid  or  sulphide  of  ammonium.  The  fixed  alkalis  an< 
pnxiuce  a  white  precipitate  of  hydrate  or  carbonate  of  magnesium,  i 
of  the  reagent,  but  soluble  in  ammoniacal  salt«,  espedally  of  chlori 
If  the  solution  contains  ammoniacal  salts,  no  precipitate  is  formed, 
to  a  neutral  solution  of  magnesia,  not  containing  any  ammoniacal  si 
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p.  416.    See  also  HallwAchs  and  Schafar 
1869.  p.  407.) 

Magnenum-ethyl  forms  a  finely-crystalliBe 
probable  formula,  MgG«H»L    (Wanklyn.) 

MAOVaSZITM-aiBTBTXi  ifl  produced 
of  methyl  in  a  manner  similar  to  the  above, 
liquid,  which  instantly  takes  fire  in  the  air,  ai 
tion  of  marsh  gas  and  separation  of  magnesifl 

XAOVBTZO  ZmOM  OXS.    Native  fie 

BKAOWarZO  VTXZTBS.     Ferroso-fei 

MAOVBTZSBK.  It  has  been  known  tti 
oxide  of  iron,  or  ferroso-ferric  oxide  (FeH)*) 
called  pole8,  the  power  of  attracting  small 
mineral  the  name  of  magnetes  (jiAiyrtrnis),  ] 
near  which  it  was  found  in  considerable  qua 
plied  to  tlie  branch  of  science  which  treats  q 
the  various  phenomena  related  to  it. 

The  attractive  power  of  the  natural  msffn( 
by  contact,  the  attractive  power  thus  devekip 
the  contact  lasts,  whereas,  in  hard  iron,  and 
separation  from  the  natural  magnet  A  ba 
constant  direction,  with  the  pole  of  a  natural 
of  attracting  iron,  and  imparting  its  {>ower  ii 

Another  mode  of  imparting  magnetism  to  i 
current  or  discharge,  as  already  described  in 
bar,  placed  within  a  helix  of  wire  through  wl 
a  permanent  magnet  Lastly,  as  we  shall  p 
of  iron  or  steel  may  be  rendered  magnetic  bj 
to  the  earth. 

The  properties  of  magnets  are  the  same 
developed. 

There  are  only  two  other  metals,  viz.  nlbke 
can  be  conspicuously  developed  by  the  meai 
siderable,  but  much  less  powerful  than  in  i 
bodies  are,  indeed,  more  or  less  susceptible  o 
effects  only  when  suljected  to  rerj  powerAil 
cases,  the  mode  of  manifestation  is  very  diSa 
See  DiAMAomrnsM  (p.  770). 

Distribution  of  Magnetic  Power,  ^In  a  mu 
the  attractive  power  is  not  uniformly  distric 
certain  points  called  poles,  situated  at  or  n 
nishes  with  greater  or  less  rapidity  and  reffi 
rather  line,  (»lled  the  median  line,  general] 
shown  by  rolling  the  bar  in  iron  illinj^  whiel 
the  ends,  leaving  the  middle  bare,  as  unfig,  71 

Fig9.n^ 


Fig.  717. 


DOwer,  and  are  sitaatad  at  equal  distances  ft 
nom  each  of  them  at  the  same  rate  towards  t 
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758  MAGNETISM. 

«ettle  itself  in  its  pontion  of  equilibriiim,  that  positioii  will  not  1 
inteiposition  of  a  screen  of  paper,  wood,  glass,  copper,  &e. ;  bat,  i 
interposed,  the  needle  will  immediately  taJce  vl^  a  new  position,  th( 
magnetie  Ibrces  being  altered  by  the  int^^rposition  of  the  iron. 

The  fopoe  of  magneiie  attraction  and  repulsion  varies  inversei 
4ke  tUstofwe  between  the  poles  or  centres  of  action, — By  the  term 
•anderatmd  the  point  of  application  of  all  the  forces  exerted  by  oi 
«n  any  point  of  the  other.  It  is  evident,  then,  that  the  poles  mi 
according  to  the  distance  between  the  magnets ;  bat  unless  the  mt 
together,  the  distance  between  their  poles  will  not  differ  sensib 
«zists  when  the  magnets  are  placed  so  far  apart  that  all  the  ac 
regarded  as  paralleL  The  poles,  anderstood  in  this  sense,  do  not  of 
the  points  of  stroneeet  attraction,  which  are  generally  at  the  ends 
they  are  nearer  to  those  points  in  proportion  as  the  magnetic  pc 
rapidly  from  the  ends  towards  the  middle. 

This  law  of  magnetic  action  may  be  demonstrated  in  three  ways : 
Balance, — The  constraction  of  the  magnetic  torsion-balance  is  sin 
^described  (iL  380)  for  the  measurement  of  the  electric  forces,  the  t 
replaced  by  a  magnetic  needle,  and  the  shellac  stem  by  a  bar-mag 
•ezperimentBug  to  determine  the  law  of  magnetic  action  with  re 
exactly  similar  to  that  described  at  page  381,  toI.  ii.,  for  meai 
«lectnc  attraction  and  repulsion. 

2.  By  the  Method  of  Oscillations. — Suppose  a  magnetic  needle  t 
%ar-magnet,  with  its  centre  on  the  prolon^tion  of  the  axis  of  that  i 
^lace  itself  in  the  direction  of  that  axis,  and  if  disturbed  from 
oscillate  backwards  and  forwards,  and  ultimately  settle  in  its  origio 
brinm.  Now  the  oscillations  of  the  needle  thus  Tibrating  under  the  i 
attraction,  are  regulated  by  the  same  laws  as  those  of  a  pendulum  < 
influence  of  gravity,  that  is  to  say,  the  squares  of  the  times  of  osciUi 
ihe  attracting  forces.  Supposing  then  the  power  of  the  magnet  an 
constant  during  the  experiment,  the  diminution  of  the  attractit 
distances  maj  1^  measurod  by  counting  the  number  of  oscillations  n 
forms  in  a  giren  time  at  different  distances.  It  is  necessary  to  obser 
the  oscillations  of  the  needle  are  determined  by  the  magnetic  force 
«8  by  that  of  tiie  oiagnet^  the  terrestrial  force  must  be  either  oompen 

To  simplify  the  calculations  as  much  as  possible,  the  experimen 
with  an  astatic  needle^  that  is  to  say,  a  system  composed  of  two 
equal  power,  joined  together  parallel  to  one  another,  but  with  the 
directions,  by  a  small  piece  of  straw  or  copper  wire  passing  throv 
gravity  (ii.  443);  such  a  combination  will  evidently  place  itself 
positions  relatively  to  the  magnetic  meridian,  because  the  magneti 
acts  on  the  two  needles  composing  it  with  equal  force  but  in  opposi 
let  one  of  the  poles  of  such  a  needle  be  brought  near  the  contrary  p 
of  such  a  length  that  the  action  of  its  farmer  pole  may  be  left  oi 
distance  between  the  poles  of  the  magnet  and  needle  is  then  t 
needle  made  to  vibrate,  and  the  nambw  of  its  oscillations  perfom 
counted.  The  needle  is  then  removed  to  a  neater  distance  and 
repeated.  If  then  m  and  m'  are  the  magnetic  forces  at  the  distance 
corresponding  numbers  of  oscillations  in  the  same  time ;  we  have 
Now  experiment  shows  that  the  qoantities  n,  «'  <2^  <f  are  relaU 
ft :  ft' »<f :  d!,  that  is  to  say,  the  number  of  oscillations  in  a  given 
as  the  distances ;  consequently 

m:m'   -  (f  :  c^*. 

The  same  result  may  be  attained  by  the  use  of  a  needle  not  ren 
H^  be  the  number  of  oscillations  which  it  makes  in  a  given  time  un 
the  earths  magnetism  alone ;  n  the  number  performed  in  the  same 
influence  of  the  terrestrial  force  and  that  of  a  magnet  placed  at  a  ce 
the  needle  in  the  magnetic  meridian ;  and  n'  the  number  perfon 
when  the  magnet  is  removed  to  a  greater  distance.  If  then  the  tm 
earth,  and  of  the  magnet  at  the  two  distances  mentioned,  be  de 
respectively,  W6  shall  have 

^*:n«   -    F\m  -s-  F 
and  JV» :  n**    «  F:m'  +  F 
therefore  n*  —  N*:  N*   »   m:  F 
andn'»-^»:^»   -   m' :  F 
md  finally  rn-.m'   «    ««  — i^  «  :  n'*  -  ^• 
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I  magne: 

litf1)eeomeaiiort}ipol«.  If  the  bar  be 
ed,  the  polarity  of  the  bar  ii  immediateb 
nal  position ;  and  if  the  sonth  pole  of  tt 
lear  to  the  end  of  the  bar.  the  needle  will 
farther  extremity.  The  polarity  of  the  « 
indacing  masnet,  cannot  easily  be  tested 
tpary  action  5  the  inducing  pole ;  bnt  if 
iron,  and  left  in  contact  with  the  magnet 
kI,  exhibit  two  poles,  that  which  has  been 
^net  being  a  pole  of  contrary  name, 
loreover,  the  iron  op  steel  thus  rendered  mj 
ilar  manner  on  any  other  piece  of  iron  or 
irity  in  it,  if  previously  unmagnetised,  an< 
ts  polarity  if  preriousl^  magnetised.  Go 
i  charged  body  is  intensified  bjr  deyelopin^ 
386)  so  likewise  may  the  polarity  of  a  ma 
apietism  in  a  neiffhbouring  pieceofiron.  ' 
sed  in  contact  with  the  north  pole  of  a  8t( 
^.  722,  B  will  then  become  a  magnet  wit] 

Fig,  7^ 


and  will  act  upon  A,  just  as  if  B  were  the 
a.  The  original  polarity  of  A  will  therefor 
t  a  steel  magnet  is  rendered  more  powei 
Lghty  by  leaving  pieces  of  soft  iron  in  cont 
[t  will  be  easily  understood,  from  the  prec 
tnagnetised  iron  by  the  magnet  is  not  an  i 
ar  case  of  the  general  law  of  the  attraction 
dso  easily  shown  by  experiment.  Suspem 
I  north  pole  of  a  bar  maenet;  then  bring  th 
h  the  first;  the  key  will  be  held  with  gr 
gnets  polarise  it  in  the  same  way.  Now 
south  pole  in  contact  with  the  north  yoV 
>p  oflEl  because  the  second  magnet  inauo 
tt,  and  reduces  it  to  the  condition  of  unma^ 
rhe  case  is,  however,  different  if  the  two 
ffnetised  iron.  Thus,  let  two  magnetic  po 
£  the  two  ends  of  a  bar  of  soft  iron  B,  no 
I  polea  P,  F,  are  similar,  the  iron  will  not 


Fiff.  728. 


larise  it  in  opposite  ways ;  but  if  the  poles  '. 
D  oonspire,  and  the  piece  of  iron  will  be  h< 
either  of  them  alone.  Heaee  also  a  magi 
4)  will  hold  a  piece  of  iron  placed  acrosi 
ignet  of  the  same  size  and  intrinsic  mag 
£  horse-shoe  maenets  with  their  similar  pc 
Another  fact  tending  to  show  that  the  atti 
led  by  niiignetisation  of  the  iron  is,  that  v 
iwly  is  warcely  attracted  by  the  magnet. 
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764  MAGNETISM. 

poke  gradually  advance  along  the  bar,  a  feeble  south  pole  appearing  i 
the  fiuther  end,  auooeeded,  aner  a  while — H  the  bar  is  not  too  long-  b 
the  bar  tiien  appearing  regolariy  magnetised.  If^  however,  the  bar  ii 
made  of  very  hard  ste^l,  it  never  attains  this  regnlsr  magnetisation, 
series  of  alternate  or  consecutive  poles,  which  never  reach  its  farther  e 
coercive  force  mav,  however,  be  more  or  less  overcome,  and  regolai 
facilitated,  by  striking  the  bar  with  a  piece  of  metal,  so  as  to  make  it : 
its  particles  into  vibration. 

It  is  obvious  that  tbe  polarisation  of  the  whole  series  of  particles  con 
will  be  accelerated  by  laying  it  between  two  bar  magnets,  with  their 
facing  one  another,  or  across  the  poles  of  a  horse-shoe-magnet,  the  mag 
taking  place  in  two  directions  at  once,  and  both  tending  to  the  same  rei 

Anotner  process  more  generally  adopted,  consists  in  passing  the  poi 
from  one  end  to  the  other  of  the  piece  of  steel  to  be  magnetised,  repeat 
several  times  and  always  in  the  same  direction.  Each  particle  of  th( 
brought  successively  under  the  influence  of  the  magnet,  and  it  is 
magnf>tic  power  of  the  bar  increases  with  the  number  of  strokes  up  to  i 
after  whicn  no  further  increase  takes  place.  The  polarity  impartea  to  ( 
the  magnetic  pole  approaches  it,  is  reversed  when  the  pole  passies  ovei 
pokirity  finally  imparted  to  the  bar  is  that  which  corresponds  to  the  lasl 
inducing  magnetic  pole.  If,  for  example,  the  steel  bar  be  rubbed  with  tl 
a  magnet,  the  end  first  touched  will  be  a  north,  and  the  other  end,  by  wl 
leaves  the  bar,  will  be  a  south  pole.  It  is  not  very  easy  to  understand 
by  repeating  the  fnction,  inasmuch  as  the  polarity  imparted  by  each  sti 
at  the  commencement  of  the  next  Possibly  the  coercive  force  of  th( 
come  by  the  disturbance  consequent  on  the  continued  reversal  of  the  po 
the  same  manner  as  it  is  bv  vibration. 

Greater  power  may  be  obtained  by  a  combmation  of  the  two  methods  i 
namely,  by  laying  the  bar  to  be  magnetised  between  the  opposite 
or  those  of  a  horse-shoe-magnet^  then,  taking  two  other  bar  magnc 
bring  down  their  opposite  poles  on  the  middle  of  the  bar  to  be  maj 
them  at  an  inclination  of  26^  or  30^,  draw  them  outwards,  wit 
towards  the  extremities  of  the  bar.  Ten  or  twelve  strokes  given 
always  in  the  same  direction,  will  give  to  the  bar,  if  not  very  lar| 
power  as  it  is  capable  of  retaining.  It  is  of  course  necessary  1 
movable  magnet  which  touches  the  bar,  should  be  of  the  same 
fixed  magnetic  pole  towards  which  it  is  made  to  move.  This 
Duhamel,  and  called  the  method  of  single  touchy  is  the  best  for 
needles,  and  bars  of  no  great  length  and  thickness,  in  which  re 
magnetism  is  desired  rather  than  great  attractive  power;  but 
thick  bars,  especially  when  it  is  desired  to  ^ve  them  their  foil 
method  of  JSpinus,  called  the  dottble  touch,  is  to  be  preferred.  T 
two  powerAil  magnets  as  in  the  preceding  method,  and  likewiBe  rub 
poles  of  two  magnets ;  but  instead  of  drawing  these  poles  from  th 
opposite  ends  of  the  bar,  they  are  tied  together,  with  a  piece  of  c 
them  to  keep  them  at  a  certain  distance  apart,  and  made  to  trave 
bar,  first  one  way  and  then  the  other,  beginnin^nd  leaving  off  in 
shoe-magnet  may  be  conveniently  used  instead  of  two  bar-magne 
this  method  it  is  likewise  easy  to  magnetise  two  steel  bars  tog^c 
them  parallel  to  one  another,  with  soft  iron  keepers  across  their  exti 
and  passing  the  two  magnetic  poles  several  times  round  the  re< 
beginning  in  the  middle  of  one  of  the  bars,  and  leaving  off  at  the  i 
as  indeed  in  all  methods  of  mag- ^tising,  the  bars,  after  having  been  n 
number  of  times  on  one  side,  should  be  turned  round  and  rubbed  in  th 
on  the  other. 

In  both  these  methods,  when  two  movable  magnets  are  employed,  the 
any  particle  acquires  while  outside  the  magnetic  poles,  is  reversed 
motion  it  is  brought  between  them.  Now  the  advantage  of  the  doubL 
consists  in  this,  that  the  two  poles  of  the  movable  magnet  or  magnets  a 
only  a  small  distance,  so  that  the  sum  of  their  actions  on  a  particle  betwee 
as  great,  and  the  difference  of  their  actions  on  an  outside  paiticle  as  sm 
This  very  circumstance,  however,  by  developing  powernil  magnetisn 
particular  part  of  the  bar,  creates  a  tendency  to  the  formation  of  oonsecu 
the  steel  is  very  hard.  Hence,  as  already  observed,  the  single  touch  me 
adopted  where  regularity  of  magnetisation  is  the  main  object  in  view. 

Magnetisation  by  the  Electrie  Current. — Veiy  great  magnetic  power  mi 
in  soft  iron  by  placing  it  within  a  long  coil  of  wire  thr^igh  which  an  < 
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66  MAGNETISM. 

iaiii«ter.    3.  The  time  of  ofldUadon  of  a  bar  haTing  a  rectangular 
raadth  is  I,  thiekneM  e,  and  length  2L^  ia  given  by  the  fonnnla: 

I  which  m  and  n  are  oonstanta,  depending  on  the  nature  and  hardneei 

With  i«gard  to  form,  Ck>alomb  found  that  thin  losenge-ehaped  ban 
irecHiK  force  than  rectangular  needles  of  the  same  weimt,  thickneas,  a 

Influence  of  Hardeninq  and  7Wj>mii^.~  Coulomb,  having  magneti 
>  saturation,  after  haraening  it  to  different  decrees,  and  testing  it 
lethod  of  oscillations,  obtaineid  the  following  numDers : — 

Temperature  of  hardening  %169        975^        1075^ 

Timeof  lOosciUations  98"  78"  64* 

Steel  does  not  undergo  any  sensible  modification  of  structure  wh( 
imperatores  below  870  ,  and  accordingly  the  magnetic  results  are  tl 
egrees  of  hardening  below  this  limit ;  but  when  hardened  at  about  IK 
ipable  of  aoquirius  double  the  msfnetic  force  which  it  retains  when  ha 
imperatures:  for  the  time  occupied  by  the  ten  oscillations  beins  63"  infl 
lagnetic  forces  are  inTersely  as  the  squares  of  these  numbers,  that  ia  as 

A  steel  bar  hardened  at  a  cherry-red  heat,  and  then  magnetised  aft 
»mper«d  at  different  degrees,  gave  the  following  results : 

Tempering  heat        .        .        .        .     160        267®        6\7P 
Time  of  10  oscUlations     .        .        .68"        64-6"         70" 
[ence  it  appears  that  the  magnetic  force  is  less  in  proportion  as  the  ste 
ered,  the  co<^rdro  force  in  fact  diminishing  with  the  hardness. 

Very  different  results  were  obtained  with  thin  and  Terr  ek 
ty  magnetising  them  at  different  degrees  of  hardness,  Couli 
ened  at  a  white  heat>  they  did  not  reuin  a  higher  degree 
fter  having  been  completely  tempered.  In  proportion  as  th 
y  tempering,  the  magnetisation  became  stronger,  down  to  t 

dull  red  heat.  On  tempering  them  still  more,  the  directi 
ipable  of  receiving  continually  diminished.  Biot  explains  1 
on  of  two  consecutive  poles  in  very  elongated  and  strongly  1] 
f  the  needle  thus  possessinff  two  poles  of  contrary  name,  wb 
reatly  lessened.  But  as  tne  hardness  is  diminished,  the  ; 
pproach  continually  nearer  to  it,  and  finally  disappear  altop 

Compass  needles  are  usually  tempered  at  the  bluf",  that  ii 
Q  this  state,  the  coercive  force,  though  not  at  its  maximum, 
«el  is  less  fragile  than  when  more  hardened,  and  less  liable  U 

Kobili  (Bibl.  Univ.  Ivi.  82)  has  endeavoured  to  explain  ' 
a  magnetisation  by  the  inequality  of  density  of  the  different 
[e  found  that  when  a  bun<ue  of  thin  steel  wires  (about  50) 
sed,  and  the  wires  separated  a  short  time  afterwards,  each  < 
lagnetised  in  the  same  direction ;  but  when  the  bundle  was  ] 
few  hours  afterwards,  several  of  the  wires  were  found  to  \a 
id  had  their  polarity  reversed.  Similar  results  had  pre^ 
oulombi  It  appears  then  that,  in  a  system  of  parallel  rows  of  i 
hich  are  most  strongly  polarised  destroy  or  reverse  the  poll 
id  determine  the  poUiity  of  the  whole,  and  if  the  original  po 
|ual,  the  magnetic  power  of  the  entire  system  would  probab 
msgnetised  bar  may  be  regarded  as  made  up  of  concentric  la, 
id  if  the  external  shell  is  rendered  denser  than  the  interio 
rger  number  of  ma^etic  elements  are  there  included  with 
mal  shell  will  receive  a  higher  degree  of  polarity  than  t 
;cordingly  will  neutralise  their  action  and  determine  the  po] 
or  the  same  reason  soft  iron  which  has  been  hammered  or 
>wer  of  retaining  a  certain  portion  of  magnetism.  Acoordi 
ve  or  retaining  power  does  not  depend  upon  any  peculiari 
lical  constitution  of  steel,  but  is  entirely  due  to  the  differei 
nal  portions  of  its  mass.  This  is  in  accordance  with  the 
ipable  of  retaining  a  proportionally  greater  power  than  larg 
rfMiter  in  proportion  to  their  volume.  It  is  also  supporter 
ent  made  by  Nobili.  Two  cylinders  were  constructed  of  tl 
:  equal  length  and  diameter,  but  one  solid,  weighing  28 
eighing  16  grms.  Th^  were  then  hardened  to  the  same  d« 
Btued  to  saturation.  When  placed  at  equal  distances  ftc 
»lid  cylinder  deflected  it  9^<^,  the  hollow  cylinder  19®.    The 


Digitized  by 


Google 


Digitized  by 


Google 


[58  MAGNETISM. 

Wertheim  haa  made  namerotu  experiments  on  the  relationfl  beh 
id  torsion,  by  a  method  similar  to  that  of  Becqnerel,  using  however 
'  iron  enveloped  by  two  helices,  one  formed  of  thick  wire  to  receive  tl 
agnetises  the  bar,  the  other  of  a  long  thin  wire  to  receive  the  indao 
>nvey  them  to  a  galvanometer.  The  helices  are  placed  near  the  endi 
;cupy  but  a  small  portion  of  its  length.  Having  first  shown  that 
ways  possesses  a  certain  amount  of  coercive  power,  and  therefore  a 
Ttain  amount  of  the  magnetic  polarity  once  induced  in  it,  Werthei 
illowing  results : — 1.  Torsion  and  detorsion  do  not  by  themselves  de^ 
Btism  in  iron :  for  on  placing  the  bar  at  right  angles  to  the  magnet 
risting  it,  no  induced  current  is  developed— 2.  If  the  bar  is  placed 
leridian,  or  subjected  to  the  action  of  a  magnet  placed  on  the  contini] 
:  to  the  action  of  the  electric  current,  the  magnetising  action  of  eithei 

accelerated  both  by  torsion  and  bv  detorsion;  but  when  onc( 
|uilibrium  is  established,  torsion  weakens  the  total  magnetisation 
stores  it  to  its  former  amount :  hence  the  maximum  of  magnetisatioi 
le  state  o{  mechanical  equilibrium. — 3.  If  the  bar  is  withdrawn  from  t 
agnetising  agent,  repeated  torsion  and  detorsion  quickly  destroys  the 
>rary  magnetisation,  but  continues  to  act  indefinitely  on  the  permanen 
hich  is  diminished  by  torsion  and  restored  by  detorsion. — 4.  When  t 
ven  condition  of  magnetic  equilibrium,  all  the  effects  of  torsion  are 
le  ansles  of  torsion ;  but  the  magnitude  of  these  effects  appears  to  dej 
pon  the  permanent  magnetisation,  than  on  the  temporary  magnetisati 
le  external  cause. — 6.  The  form  of  the  section  of  the' bar  does  not  i 
ly  influence,  but  the  deflections  increase  with  its  area  and  with  the 
agnetisation. — 6.  The  order  of  the  effbcts  produced  is  the  same  for  a 
le  only  difference  being  in  the  absolute  intensities  of  those  effects.  I 
quires  the  greatest  number  of  torsions  and  detorsions,  to  bring  it  to 
Agnetie  equilibrium,  indicated  by  the  equality  of  the  opposite  indn 

Steel  also,  the  more  it  is  hardened,  requires  a  greater  number  c 
^torsions  to  bring  it  to  a  state  of  magnetic  equilibrium;  but  -^ 
[uilibrium  is  established,  it  cannot,  according  to  Wertheim,  be  mod 
id  detorsion  alone,  as  is  the  ease  with  iron.  Matteucd,  on  the  oth< 
>tained  feeble  currents  in  this  case,  these  currents  being  weaker  as  the 
udened.  Hard  iron  exhibits  an  anomaly  which  has  not  been  explaine 
3n  produced  in  it  by  torsion  being  greater  immediately  after  the  inU 
agnetising  current  than  during  its  passage.  In  this  case,  the  dimij 
keplace  till  after  some  time. 

When  the  bar  is  in  a  state  of  temporary  or  permanent  torsion  bel 
on,  similar  results  are  obtained ;  that  is  to  say,  the  magnetic  maximi 
>t  with  the  initial  state  of  torsion,  but  with  that  which  exists  i 
echanical  equilibrium ;  so  that  the  magnetism  increases  when  the  I 
e  direction  which  diminishes  the  primitive  torsion,  and  diminishes  wi 
rsion  is  re-established.  But  if  the  initial  permanent  torsion  is  pro< 
ir  is  under  the  action  of  the  magnetising  current^  a  rotation  of  U 
served ;  that  is  to  say,  the  maximum  is  displaced,  and  in  the  directioi 
e  angle  of  rotation  being  greater  as  the  iron  is  harder,  and  the  pez 
eater.  This  angle  is  always  less  than  half  the  temporary  torsion  wh 
kes  place  during  the  production  of  a  permanent  torsion. 
For  further  details  on  this  subject,  and  on  the  reciprocal  influence  oi 
rsion,  see  Wiedemann  (Galvanismua  und EUctro-magnetiamua,  ii 
Traction  and  FUction. — ^According  to  Matteucci,  a  sudden  elon^ 
'  tension  in  a  wire  of  iron  or  steel,  while  subjected  to  the  magnetisu 
sctric  current,  produces  an  increase  in  the  magnetic  force,  and  a  sud 
minishes  it  These  results  have  been  confirmed  by  Wertheim,  whc 
atflecHon  and  deflection  act  in  the  same  manner  as  torsion  and  detors 
fecta  are  due  to  the  displacements  of  the  moleenles  produced  by  these 
iereby  they  are  enabled  to  arrange  themselves^  either  in  the  position  i 
r  magnetisation,  or  the  oontraiy. 

Wertheim  finds,  in  the  increase  of  the  magnetic  capacity  of  iron  by 
uiation  of  the  well-known  fact,  that  a  magnet  while  loaded  beoon 
ronger,  but  returns  to  its  primitive  state  as  soon  as  the  weight  is  rem 
tributes  the  great  irregularities  of  the  compass  in  large  iron  ships  U. 
actions  of  the  iron  which  take  place  during  the  voyage,  these  fleet 
ADffes  in  the  magnetisation  of  the  iron,  of  which  the  compensatoi 
lable  to  take  account  These  phenomena  are  the  converse  of  tho 
»  ale  (PhiL  Mag.  xzz.  76  and  225),  who  found  that  an  iron  bar  increasei 
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772  BIAGNETISM   AND  DIAMAQNETIl 

and  oliBftant  gas  were  abo  diamagnetie ;  hydrochbric  add  and  < 
Oxygen  appears  to  be  the  most  magnetic  of  all  gases. 

Vnien  a  spiral  of  platinnm  wire  was  placed  just  belo 
Hne  and  ignited  by  a  voltaic  current,  the  stream  of  ho 
axial  line  was  deflected  at  right  angles  to  the  axis,  ai 
direction.  The  same  effect  was  obtained  in  oxygen,  ca 
Hence  it  appears  that  a  heated  gas  is  diamagnetic  to  1 
of  cold  air  directed  downwards  near  the  axial  line,  was 

The  flame  of  a  wax  taper  or  of  burning  ether  also  tal 
placed  in  or  near  the  middle  of  the  axuil  line.  Whei 
the  axis,  it  is  directed  away  firom  that  line,  just  as  if  a 
it  in  that  direction.  When  made  to  rise  exactly  in  the 
two  long  tongues,  directed  at  right  angles  to  the  axis, 
ing  with  the  large  flame  produced  by  setting  fire  to  a 
These  effects  are  eTidently  analogous  to  those  just  de 
are  doubtless  partly  due  to  the  solid  carbonaceous  pa) 
diamagnetic.  In  corroboration  of  this  supposition,  i 
flames  are  the  most  strongly  diamagnetic  (Faraday 
also  Zantedeschi,  xxxi.  421.) 

Speoillo  Kaffnetlaiii.  This  term  was  introduced  by  £.  Be< 
tile  action  exerted  by  a  magnet  on  the  unit  of  volume  of  a  body  pi 
distance,  as  compared  with  that  which  is  exerted  on  a  certain  sube 
standard  of  comparison.  Another  mode  of  estimation  is  to  comp 
duced  on  a  small  magnetic  needle,  hj  a  cube,  equal  to  the  unit  of  V( 
unit  of  distance  from  the  needle.  The  measurements  are  made  e 
balance,  or  by  determining  the  weight  required  to  keep  the  body  i 
of  equilibrium  while  under  the  influence  of  the  magnet 

By  these  methods,  Plncker,  representing  the  specific  roagneti 
100,000,  has  found  for  native  magnetic  oxide  the  number  40,227,  f 
6ZZ,  for  brown  hematite  71,  which  is  the  lowest  number  found  f 
pounds  of  iron,  solid  or  liquid. 

The  following  are  the  results  obtained  by  Pliicker  for  certain  diat 
at  ordinary  temperatures,  and  for  equal  weights  referred  to  water  m 

Specific  Diamagnetic  Powere,    (Plii  cker.) 


Water       . 

.  100 

Flowers  of  sulphur 

Phosphorus 

.  100 

1 

Common  salt 

Sulphide  of  carbon    . 
Hydrochloric  acid      . 

.  102 

Nitric  add  . 

.  IO2J 

Nitrate  of  bismuth 

Ether 

.        .127N 

Sulphuric  add     • 

Oil  of  turpentine 

.        .  123 

I^ 

Jftefctti^       ». 

This  table  shows  that  the  diainagnetic  powers  of  different  gioupe 
be  approximately  expressed  by  simple  numbers ;  but  it  is  doubtful 
is  accidental,  or  expresses  an  actual  law. 

The  following  table  contains  some  of  the  results  obtained  by  1 
magnetic  power  of  water  being  taken  as  unity,  and  the  results  referrc 
Diamagnetic  substances  are  denoted  by  the  minue  sign. 
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polar  line,  it  shortexii.  If  the  aloohol  ii  ettanted  wii 
bubble  in  the  latter  position  iplite  into  two,  which  more 
ascertaining  hj  trial  the  proportion  of  ferrous  chloride,  for 
no  perceptible  change  of  form,  a  solution  will  be  obtiunc 
power  as  oxygen  gas.  Bj  this  method  Mattencci  fbnn 
magnetic  power  as  an  alcoholic  solution  of  ferrous  ch 
grammes  of  iron  in  a  cubic  centimetre. 

E.  Becquerel  has  made  numerous  experiments  for  the  purpose 
magnetic  power  of  oxygen  as  compared  with  water,  and  thence  witl 
tube  of  glass  filled  wiUi  wax  was  suspended  from  a  torsion  apparati 
produced  upon  it  bj  an  electro-magnet  in  a  racnura,  in  oxygen  and 
pared.  These  actions,  at  the  temperature  of  129,  were,  in  oxygen  ui 
0-76  m«t,  Vo  «  -0-2675;  in  a  vacuum,  V,  «  -01145;  and 
+  0-7033.  Hence  Vo  -  V,  -  +01530:  V,^  -  V,  -  - 
magnetism  of  oxygen,  compared  with  water  in  pacuo,  is  0*1530  :  0' 
Hence,  for  equal  volumes,  the  magnetic  power  of  oxygen  is  nearly  } 
but  of  contrary  sign.  For  air  the  same  method  gives  the  number  0 
the  magnetic  power  of  oxygen  multiplied  by  0-21  is  0*392,  it  fbUowi 
power  of  the  air  is  due  to  the  oxygen  contained  in  it.  These  resu 
same  as  those  obtained  by  Faraday  (p.  773)  and  Matteuod ;  and  Bee 
confirmed  them  by  Pliicker's  method.  Lastly,  he  has  shown  that  tl 
of  oxygen  is  proportional  to  its  pressure— a  result  probably  true  also 

Taking  the  magnetic  power  of  iron  as  the  standard,  and  calling 
find  that,  for  egwU  weiykU,  the  magnetic  power  of  oxygen  is  377,  a 
Oxyeen,  weight  far  weight,  has  three  times  the  magnetic  power  of 
which  is  the  most  magnetic  of  all  liquids.  Hence  a  cubic  metre  of 
act  on  a  magnetic  neeole  with  the  foroe  of  54  centigrammes  of  iron,  ( 
of  air  with  the  foroe  of  11  centigrammes  of  iron.  The  whole  atmosphc 
equal  in  magnetic  power  to  a  shell  of  iron  covering  the  whole  earth  t 
0*1  millimetre.  It  is  easy  to  conceive  that  such  a  ma^etic  envelc 
constant  agitation,  is  capable  of  disturbing  the  magnetic  needle ;  ai 
power  varies  with  its  temperature  (see  below),  the  heating  which 
different  hours  of  the  day  may  contribute  to  produce  the  diurnal  varii 

Influence  of  Temperature  on  Magnetism  and  Diamagnetism. — ^Thc 
the  magnetic  power  of  iron  and  steel  has  already  been  mentioned 
formeriy  supposed  that  iron  at  a  white  heat  becomes  totally  unsusce] 
influence.  Faraday  has,  however,  shown  that,  though  the  suscAptil 
bodies  properly  so  called  is  rapidly  diminished  by  heat,  it  is 
destroyed,  but  is  still  perceptible  at  the  highest  temperatures,  provi 
magnets  of  great  power  are  employed  to  develope  it  These  resulti 
firmed  by  Pliicker,  who  has  shown  that  the  specific  diamagnetism  i 
solids  and  liquids  diminish,  for  the  most  part,  as  their  temperature  i 
there  are  some  exceptions  to  the  rule.  Mercury,  for  example,  exhil 
diamagnetic  power  at  300^ ;  neither  do  sulphur  and  stearin,  even  w 
their  melting  points.  Brunner  has  shown  that  water  in  the  state  of 
has  the  same  specific  magnetism  as  in  the  liquid  state. 

According  to  Matteucci  (Bibl.  Univ.  de  G^&ve  [Arch,  des  Sc 
magnetism  of  iron  increases  up  to  a  certain  temperature,  then  decree 
diamagnetic  power  of  bismuth  diminishes  between  0®  and  212**  C. — m 
to  the  increase  of  temperature,  and  vanishes  altogether  at  the  meli 
metallic  bodies,  on  the  contrary,  such  as  sulphur  and  phosphorus,  s 
diminution  of  diamagnetic  power  in  consequence  of  change  of  state. 

A  globule  of  iron  melted  in  a  lime-spoon  by  the  oxy-hydrogen  1 
attracted  by  the  magnet ;  but  to  exhibit  the  attraction,  a  very  lam  e] 
required,  charged  with  30  Grove's  cells.  Matteucci  estimates  uie  n 
malted  iron  at  only  0*000015  of  its  power  at  common  temperatures 
surprising  that  iron  at  a  white  heat  should  have  been  found  insensibl 
power  of  ordinarv  magnets.  Copper,  standard  gold,  zinc,  porcelain, 
of  rh^^rcno^l,  whida  according  to  Matteuod  are  magnetic  at  common  ten 
diaraasnetic  when  heated.  Platinum  remains  magnetic  in  the  state  < 
appearing  scarcely  to  have  sufiered  any  diminution. 

Meat  appears  also  to  diminish  the  magnetic  power  of  gases :  thnsF 
heated  air  is  repelled  by  the  magnet  when  surrounded  bvodld  airQi.  77 
however,  concludes  from  his  experiments  cm  oi^^en,  that  heat  ooes  i 
diminishins  the  magnetic  power  of  gUM^  the  dimnntion  observed  bt 
change  of  cUmsitj. 
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Fig.  727. 


thtt  a  Tery  deHcatoly  suspended  ball  of  bunnatl 
hone  Blioe  magnet,  when  presented  to  them  se 
pended  at  eqnfd  digtanewi  from  the  two :  hence  1 
of  the  two  magnetic  poles  is  d 
ence  of  their  action,  jnst  as  i 
actions  exerted  by  the  two  p 
first  effect  of  the  magnet  on  t 
tain  polarity,  whence  results  t1 
wise  examined  by  Weber  and 
and  Mattenoei,  bnt  without  de 
the  existence  of  diamagnetic 
taken  up  by  Tyndall  (Phil  1 
of  an  i^paratos  suggested  by  ' 
existence  of  polarity  in  diamagnetic  bodies. 

This  appsratus,  represented  isifig.  727,  oonsists  of 
cal  helices,  h  A,  h'h\  having  an  internal  diameter  of 
and  coiled  round  copper  tubes,  which  project  aboTi 
these  two  hdices  convey  the  same  electric  current, 
directions.  They  are  fixed  to  a  stout  board  suqM 
wall,  and  within  them  are  suspended  two  small  diami 
attached  to  an  endless  cord  passing  round  the  pu 
astatic  needle,  sn,  represented  in  projection  at  I 
pended  on  a  level  with  the  middle  of  the  helices  \ 
attadied  to  the  centre  of  a  torsion-circle,  r.  This 
of  turning  independently  of  the  screw  %  the  nut 
bedded  in  a  copper  cross-piece  fixed  to  the  extremit 
tabes  t,  f.  The  magnets  if  S,  N'S'  are  enclosed  in  a  c 
i^iminiali  the  amplitude  of  the  oscillations ;  they  are , 
rod,  on  which  they  can  be  made  to  approach  oneanoi 
The  deflections  of  the  astatic  needle  are  observed] 
minor  m,  M,  and  measured  by  the  reflection  of  a 
{daoed  at  a  distance,  as  in  Gauss's  magnetometers, 
a  voltaic  current  from  one  or  two  Qrove's  cells  1 
ooils  in  opposite  directions,  the  bismuth  bars  with 
diamsgietised ;  and  by  carefully  raising  or  lowering 
NS,  S7^',  a  position  may  be  fbund  in  which  the  ms^ 
different  to  the  action  of  the  current.  I^  whilst  1 
^  thus  arranged,  the  wheel  P  be  turned  to  the  right,  t 
will  be  brought  into  the  position  represented  m  th 
sstatic  needle  will  be  deflected.  This  effect  is  clear! 
velopment  of  polarify  in  the  bismuth  bars :  for,  ii 
the  opposite  direction  of  the  currents  on  the  two  h 
end  of  one  bismuth  bar  will,  if  polar,  be  in  the  same  condition  as  the 
other,  and  each  will  therefore  attract  one  particular  end,  say  the  north 
composing  the  astatic  combination,  and  r^)el  the  south  end:  both  ba 
to  deflect  both  magnets  in  the  same  direction  ;  on  turning  the  wheel 
as  to  bring  the  bismuth  bars  into  the  opposite  position,  the  needles 
deflected  in  the  contrary  direction. 

These  effects  are  most  marked  with  bodies  like  bismuth  and  sntin] 
the  ^ireatest  diamagnetie  energy ;  but  they  are  also  distinctly  shown,  i 
ducting  bodiea--such  as  heavy  glass,  phosphorus,  sulphur,  sulphide  oi 
If  the  deviation  produced  by  solid  bismuth  be  representea  by  76 
scale  employed,  the  following  table  will  represent  the  action,  fi>uiul  b} 
other  bodies  enumerated  in  it: 

Bismuth,  solid 

M       powdered 
Antimony 
Sulphide  of  csriKtt 
White  marble 

When  magneUe  suhstanees,  such  as  iron  in  bars  or  in  filings,  solphi 
ehloride  of  iron,  slate,  solutions  of  salts  of  iron,  nickel,  or  oobak,  aro  si 
diunagnetic  bars,  the  astatic  needles  are  defiected  in  the  contrary  di 
which,  under  the  same  circumstances,  they  would  be  defiected  by  dias 

Theory  of  ]NAiiMis»etiaiB«  The  phenomena  of  diamasnedsm  i 
the  inquiry,  whether  the  zepulsioii  exerted  by  a  magnetic  pole  on  di] 


76 

Heavy  glass 

87 
18-6 

Phosphorus 
Disced  wal 

6-6 

Calospar 

6 

Kitze    . 
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dall'B  olg«otion  to  the  theoiy  of 
ddcinTe. 

On  the  whole,  then,  the  phenoi 
do  not  quite  decide  the  question 
phenomenon,  or  whether  it  is  di 
differential,  can,  as  already  obra 
ezietence  of  diama^etic  polBriti 
this  cause :  for  if  it  were^  ererj 
•ither  pole  of  a  magnet 

It  becomes  neoessazy,  therefore 
diamagnetism ;  and  the  following 
We  most  suppose,  in  the  first  p 
polarity,  by  virtue  of  which,  nem 
c,  of  its  surface  {fia.  728^  and 
molecule  is  isoUtea  and  a  good 
its  surfiuse,  forming  eureots  confa 


^.728. 


intmor  to  re-establish  the  polar  t 
to  produce  on  any  eztemal  poin 
posed  to  make  one  of  a  groun^  a] 
as  to  bring  their  contrary  poles  \ 
electricitieB,  instead  of  recombin 
molecular  discharges,  and,  conseq^ 
These  currents,  existing  in  all 
assumed  to  exist  in  Amp&re's  th 
directions,  and  the  eflfect  of  mag 
these  currents  cannot  pass  betwi 
molecules  are  sufficiently  dose 
bodies  are,  generally  speaking,  t 
words,  those  which  hsTe  the  sma 
increases  the  distance  between  th 
may  even  destroy  it  altogether.  ] 
speaking,  a  large  atomic  volume, 
these  atoms  cannot  discharge  the 
state  of  the  isolated  atom  (fig,  7S 
are  brought  near  an  electric  cunt 
atoms  are  brought,  by  the  polaris< 
contrary  poles  of  the  two  systema 
currents  {fy.  447,  vol  ii.  p.  464). 
their  own  group,  in  the  same  ma 
dently  powerfiu,  the  polarity  of  1 
their  mutual  influence,  to  such  ax 
prodndng  a  current  in  the  opposi 
which  the  body  will  be  repelled 
chief  difference  between  magnetii 
former  the  currents  pre-exist  ro 
brought  to  pamllelism  by  i 
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782  MAGNETISM,  TERRESTRIAL. 

The  magnetic  inteDsitj  on  this  icale  at  London  ii  at  present  10*29 ;  tl 
is  a  foree  capable  of  geneiuting  in  one  leoond,  in  a  maaa  of  one  grain,  a  *< 
foet  per  second.  The  total  fioroe,  expressed  in  absolute  nnits,  nas  been 
at  different  parts  ef  the  earth's  snifkce  from  about  6*4  to  16*S,  (Sab 
Manual  of  SoietUifie  Inqmry ;  ed.  1859,  p.  89.) 

The  mean  amount  of  the  total  force  in  ^igland,  deduced  bj  Sabtnefr 
surrey  alraadj  referred  to  (p.  780V  for  let  January  1860,  is  10*882 
10*225,  having  been  observed  at  St.  Leonard's,  and  the  maximum,  10*621 
(lat.  56^  22;  Ions.  3^  60'  W.).  The  direction  of  the  isodynaime  It 
equal  intensity,  in  England,  at  the  above  date,  was  from  N.  57^  35'*7  £.  t< 

The  isodynamic  lines  differ  considerably  from  the  isodinal  lines^  o 
dip,  but  bear  considerable  resemblance  to  the  isothermal  lines;  wl: 
probable  that  the  magnetic  intensity  of  the  earth  (IDce  that  of  an  Oi 
IS  afibcted  by  heat  (For  a  chart  of  tnese  Unes,  see  Beoquerel,  too,  eit) 
Oauas,  there  are  in  each  hemisphere  two  points  of  maximum  magneti 
cidin^  with  the  points  of  greatest  cold,  but  not  with  the  magnetic  pole 
the  dip  and  declination  of  the  needls. 

VariathfU  <(f  tki  Magneiie  SUmenti, 

The  declination,  dip,  and  intensity  at  any  point  of  the  earth's  suzfiu 
continual  variations,  both  rep^ular  and  irregular;  and  the  regulars 
two  kinds:  secular  variations,  of  considerable  amount^  and  exten 
periods  of  time ;  and  periodic  variations,  of  small  amount^  and  runmi 
phases  at  short  intervals. 

Variations  of  the  DeeUnaiion,^!,  Secular.  The  earliest  exact  obs( 
magnetic  declination  were  made  at  London  in  1576,  and  at  Paris  in  158 
in  1576,  it  was  11<>  Id'  to  the  east;  from  that  time  it  diminished  till  1( 
it  was  nothing,  the  needle  then  pointing  due  north  and  souUi;  it  then  b 
attaining  its  maximum  of  24**  36'  in  1800.  In  1831  it  had  diminishe 
it  is  now  (in  1864)  20^  45'  W.  At  Paris  it  was  11<^  30'R  in  1580, 0  in  1 
maximum  of  22^  34'  W.  in  1814,  and  had  diminished  to  20*'  25'  W.  ii 
Cape  of  Good  Hope,  the  declination  in  1605  was  0^  30'  R,  became  n 
1605  and  1609,  then  westerly,  attaining  its  maximum  of  25®  40'  W.  a 
all  cases  the  declination  given  for  each  year  is  the  mean  of  those  obtain 
and  for  each  month,  so  as  to  eliininate  the  diurnal  and  annual  variatioi 

2.  Annual. — The  declination  of  the  needle  is  subject  to  small  am 
which  were  discovered  by  Cassini  in  1780.  At  Paris  and  London,  it  ii 
the  vernal  equinox,  diminishes  from  that  time  to  the  summer  solstice 
again  during  the  nine  following  months.  The  annual  variation  does  x 
15'  to  18'.  It  ia  also  different  in  amount  at  different  epochs.  At  Lon 
to  1820,  it  was  reduced  almost  to  nothing;  at  which  time,  also,  the  a 
was  extremely  slow,  being  near  its  maximum. 

3.  Diurnal. — The  diurnal  variations  of  the  declination  were  discovers 
in  1722.  In  Europe,  the  north  pole  of  the  needle  begins  to  move  westi 
and  continues  moving  in  the  same  direction  till  an  hour  or  two  after  no< 
it  returns  and  regains  its  original  position  at  about  10  P.M.,  at  which 
night  It  appears,  then,  that  the  westerly  declination  is  greatest  durii 
part  of  the  day.  The  amplitude  of  these  movements  is  very  small,  an 
ferent  times  of  the  year,  being  sometimes  from  20'  to  25',  at  other  time 
5'  or  6'.  It  also  becomes  less  as  we  approach  the  magnetic  equator :  thi 
of  Rawak  it  never  exceeds  8*  or  4'. 

The  periodic  variations  of  the  declination  are  the  result  of  the 
of  two  oistinct  variations,^-one  depending  on  the  horary  position  of  thi 
on  his  distance  from  the  equator,  tne  latter  oonstitutinff  tne  annual  vari 

VariaHona  of  the  Dip. — The  secular  variations  of  tne  magnetic  dip 
amount  than  those  of  the  declination.  At  Paris,  in  1671,  when  ths 
observed,  it  was  73®  0*,  and  has  since  been  continually  diminishing ;  i 
66°  35'.  In  London  also  the  dip  has  continually  diminished  since  172< 
per  annum.  In  August,  1821,  it  was  70®  2^*81 ;  in  May,  1838,  it  was 
August  and  September,  1854,  it  was  68®  31**13;  it  is  now  68®  15'. 

'The  dip  likewise  exhibits  annual  and  diurnal  variations,  being,  accardii 
about  15'  greater  in  summer  than  in  winter,  and  4'  or  5'  greater  before  n 

Variations  of  the  Intensity. — It  is  not  yet  distinctly  ascertainec 
magnetic  intensity  of  the  earth  exhibits  secular  variations :  indeed,  the 
the  question  is  attended  with  very  great  dilBculty,  inasmuch  as  it  re<; 
needles  used  should  preserve  their  magnetic  power  unaltered  througl 
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This  name  is  spedally  applied  to 

ieyised  by  Ghnus  for  measuring  the  intensity  of  the  earth's  i 

Becquerel,  TraiU  de  FElettriciU  et  du  MagneUtme^  tome  yii., 

ie  Pl^f9ique,  iii.  78.) 

MULairxUM.    Dayy^s  name  for  Magnesium :  it  is  also  ado] 

MULOWOFBXBXTB.  A  compound  of  ferric  oxide  and  ma 
or  3Mg0.4Fe^,  occurring  in  octahedral  crystals  among  the  prm 
of  Vesuvius  in  1 865.  SpecLftc  gravity  about  4*6.  (B  a  m  m  e  1  s  b  < 
467 ;  Jahresber.  1869,  p.  776.) 

MABOOAVT.    See  Ur^B  Dictionary  of  Arts,  #e.  liL  16. 

**^**^-    Zea  Mau, — ^The  composition  of  the  p*^  ^  ^^  I 
given  in  the  article  Cbbmals  (L  826, 827).  See  also  Zhn.  Onthej 
see  T.  Plant  a  ^Jahresber.  1860,  p.  623).    On  the  growth  of  mi 
tions  of  its  constituents,  see  Stohmann  (ibid,  IS61,  pi  734). 
WAm    See  Mavobax. 

lUTTBB.    Syn.  with  Galax  Bums  (iL  76( 

Hgll1bA<gaiT»i    Native  carbonate  of  copper.    (See  Cabbox 

MA&A.OO&ITa«  also  called  SahlUe,  Pyrgom.  FasaaiU.'- 
consisting  of  silicate  of  calcium  and  magnesium,  with  more  or  li 
small  portion  of  the  bases  being  frequently  also  replaced  by  watei 

XAXJLOOWB.    A  mineral  having  the  form  of  liroon,  and  i 
composition.    Hardness  »  6*6.    Spedflc  gravity  *  8*9  to  4*06. 
to  subresinous ;  powder  reddish  brown  or  uncoloured. 

Analy9U.—a,  From  HitteroS,  Norway, by  Scheer er (Pogg. Anx 
the  Umengebtrg,  by  Hermann  (J.  pr.  Chem.  liii  ZIZ), — o.  Froi 
Vienne,  by  Damour  (BammeUbei^9  Miiwralohemie,  p.  891): 


SIO« 

ZrO> 

Fe«0« 

Md<0> 

YO 

CaO 

MgO 

a.    81-81 

63-40 

0-41 

,    , 

0-34 

0-39 

Oil 

6.    81*87 

69-32 

811 

1-20 

,   ^ 

,    ^ 

,   , 

e.    81-06 

61-44 

8-29 

014 

•   • 

008 

•   • 

These  analyses  lead  to  the  formula  3(ZrO'.8iO^HH>  or 
requires  32*60  per  cent.  SiO',  64-22  ZrO*,  and  3*18  water. 

•>     See  Mauc  acid,  Axzdm  of. 

IMfATiAMTXiXO  AOED.     Syn.  with  AxTL-XAUO  AOCD.    (& 
ikJLUkMZ]^    Syn.  with  Phbittl-xalixidx 
MLAJUUrXXiZO  AOZB.    Syn.  with  Phbhtl-XALAXIO  Afln>. 
M  li  li  A  WX&IBB.    Syn.  with  Phuttl-xalaxidb. 

WULLMtO  ACZB.    CH^O^  »  ^]|!^|o*.    FyramaXk  od 

^assaiene,  Ann.  Ch.  Phys.  [2]  zi.  93.— Pelonse^  ibid.  Hi  7 
Pharm.  xi.  276.— Biichner,  ibid,  xlix.  67.— EekulA,  Ann.  Ch. ! 
ii.  86 ;  Jahresber.  1861,  p.  364 ;  1862,  pp.  308,  319.— Gm.  viii.  161 
with  fumaric  acid,  and  differing  from  malic  acid  (OHH)*)  by  1  i 
duced,  together  with  fumaric  add,  by  the  di^  distillation  of  malic 
been  found  ready  formed  in  any  plant.  Equisetic  add,  obtained  fr 
tiie,  was  for  some  time  regarded,  on  the  authority  of  Beffnaidt,  as 
add ;  but  Baup  has  shown  that  it  is  really  identical  wiui  aooniti< 

To  prepare  maleie  add,  malic  add  is  heated  in  a  capadoas  r0 
about  a  fourth,  the  distillation  being  pushed  on  rapidly.  Water  t 
afterwards,  white  vapours  of  maldc  add,  which  condense  in  the 
the  residue  in  the  retort  thickens,  the  fire  must  be  withdrawn ; 
goes  on  of  itself  for  some  time,  till  a  solid  rendue  is  left  in  the 
fumaric  acid.  An  additional  quantity  of  maldc  add  may  be  o 
this  reddue  at  a  higher  temperature ;  but  the  product  is  then  col 
purify.  By  evaporating  the  distillate  at  a  g^tle  heat»  the  male 
crystals. 

Maleie  acid  ciystallises  in  oblique,  rhomboi'dal  prisms,  generally 
modified  with  octahedral  fiekces.  It  is  colourless  and  in<^orous ;  i 
soon  exdtes  a  veiy  unpleasant  sensation  of  nausea.  It  is  very  so 
alcohol ;  dissolves  also  in  ether.    The  aqueous  solution  reddens  li 
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786  MALEIC  ACID. 

vedden  litmm,  giTe  off  tlie  whole  of  their  water  of  etyrtriliBaHon  ( 
100®,  and  diesolTe  in  water,  bat  not  in  alcohol.    (B ac  hn er.) 

MaleaU*  of  Oaleium,^-a.  Tht  neutral  salt,  C*H*Ca'*0«3W,  i 
ing  to  Budiner,  in  small  needles  very  sohible  in  water,  bat  insol 
saturating  the  boiling  sqaeoos  add  with  carbonate  of  calcimn  and 
filtrate  at  a  gentle  heat  Aooording  to  Peloose,  a  -eolation  of  ma 
mixed  with  concentrated  aoneons  chloride  of  oalciam  remains  dei 
dnys  deposits  needles  which  are  but  sparingly  soluble  in  water, 
boiling  acid  with  eari)onate  of  ealdam  and  evaporating  the  filtrate 
small  needles  are  obtained  united  in  saline  crusts ;  they  do  not  gi 
100® ;  dissolve  readily  in  water,  but  not  in  alcohol  (Bnehner).  ' 
mented  with  casein,  is  converted  into  succinate  of  caldum.    (Dessi 

fi.  The  acid  taU,  CH'Ca' 0».6H'0,  is  formed  by  dissolving  th 
quantity  of  the  aqueous  add  equal  to  that  which  it  alreiLdy  containi 
tne  solution  somewhat  strongly.  It  forms  long  rhombic  prisms,  w 
in  the  air,  redden  litmus,  pve  off  24*1  per  cent  (|  at)  of  water  a) 
readily  in  water,  but  not  in  alcohol.  Oxalic  add  added  to  the  soh 
the  lime.     (B&chner.) 

Maleate  of  Copfer,  G*HK7u'0\— 1.  On  boiling  carbonate  of  co] 
add,  the  filtrate  is  round  to  eontiun  in  solution  but  a  small  qua] 
crystallises  out  on  evaporation ;  if  the  rendue  on  the  filter  be  freed 
of  copper  still  adhering  to  it,  bv  means  of  dilute  acetic  add,  whi 
small  quantity  of  the  maleate,  the  latter  remains  in  the  form  of  cryi 
washed  with  cold  water. — 2.  When  a  concentrated  solution  of  m 
mixed  with  an  equivalent  Quantity  of  malde  add,  and  evaporated 
acetic  add  goes  o£^  and  maleate  of  copper  crystalliBes  out ;  the  ciyst 
with  cold  water.  The  light  blue  crystals  are  but  sparingly  soluble  i 
boiling  heat^  but  dissolve  readily  in  aqueous  ammonia.    (B  u  c  h  n  e  i 

Maleate  of  Cupr ammonium, — The  dark  blue  solution  of  no 
immonia  may  be  evaporated,  even  near  its  boiling  point,  without  Ic 
alcohol  added  to  the  concentrated  solution  predpitates  the  oompoui 
neutral,  asure-blue,  ciystalline  powder,  which  gives  off  ammonia 
potash,  and  dissolves  readily  in  water,  but  not  in  aloohoL    (Buchi 

Maleate  of  Iron  (ferricum), — Neither  maldc  add  nor  maleate 
pitates  ferric  acetate ;  neither  is  ferric  chloride  predpitated  by  male 
A  boilinp;  solution  of  maleic  add  dissolves  a  small  quantity  of  ferr 
a  brownish  solution  which  yields  a  red-brown  syrup  on  evaporation 

Maleate  of  Lead,  C«H"Pb''0«.3H«0.— 1.  Free  maleic  add  f< 
with  neutral  acetate  of  lead  (Lassaigne),  but  not  with  the  nitrate 
the  solution  jb  dilute,  the  white  precipitate  changes  in  a  few  mi 
micaceous  laminae ;  but  if  the  solution  is  concentrated,  and  the 
excess,  the  mixture  solidifies  to  a  tremulous  mass,  which  changes  i 
on  the  addition  of  water — into  crystalline  laming,  which  with  difil 
16*5  per  cent  (3  at)  water  (Pelouse). — 2.  Maleate  of  potassium  i 
lead,  throws  down  white  flakes ;  these  soon  change  to  a  translucei 
then,  when  washed  upon  a  filter,  diminish  considerably  in  volume, 
into^  small  pearly  needles  (Lassaigne).  The  salt  dissolves  in 
acetic  add.    (Braconnot) 

Maleatee  of  Magnesium,  a.  Neutral  salt,  C^H'MgfO*  (at  10^ 
add  saturated  at  the  boiling  heat  with  carbonate  of  maffnedum,  yie 
leaves  on  evaporation  a  tumefied  spon^  mass  perfiscUy  soluble  in 
centrated  solution  of  the  salt  jieXda  with  alcohol  a  bulky  predp 
hygrometric,  but  gives  off  27*36  per  cent  water  at  100®:  it  is  very  m 
in  dilute  alcohol. 

0.  Acid  salt,  C*H*Mg^0".6HH).— By  cooling  a  solution  of  1  at 
and  1  at  maleic  acid  in  hot  water,  small  transparent  and  colourlei 
are  obtained,  which  redden  litmus  strongly,  grate  between  the  teetl 
salts,  and  dissolve  readily  in  water,  but  are  insoluble  in  alcohol, 
off  34'95  per  cent,  water. 

Maleate  of  Nickel,  CH^Ni^OMJ^O.— By  boiling  the  aqueous  i 
of  nickel,  and  evapornting  the  dark  green,  slightly  acid  filtrate,  i 
obtained,  and  ultimately  apple-green  crystals  and  crystalline  c 
alcohol,  but  readily  soluble  in  water,     (Biichner.) 

Maleatee  of  Potaeeium,  a.  The  neutral  salt,  C«H*KK)«  (at 
by  saturating  the  acid  with  carbonate  of  potassium,  and  evaporating 


Digitized  by 


Google 


Digitized  by 


Google 


with  wiKtet  and  m-omme,  it  peuu  a  ccyetauiflaoie.  aeuqueaoent  a«ia 
Im  dibromotartaric  acid: 

C«H«BrO«  +  2Br«  +  2H«0     -     OH*BrH)*  +   31 

Bromomaleie  acid  is  diVana  Its  salts  usuallj  form  nodules  of 
The  silver'taltf  C^HBrA^K)\  separates,  on  mixing  bromomaleate  o 
nitrate  of  silver,  as  a  white  amorphous  precipitate,  which  may  be  a 
decomposition  from  boiling  water.    (EekuU.) 

laobramoTnaleic  acid.  This  acid,  isomeric  with  the  prece<Hng,  is  pr 
isodibiomosuocinie  acid  to  180^,  or  by  boiling  and  eraporating  its  ac 

C*H*Br«0*     -     OH«BrO«  +  HBr; 

also  by  boiling  isodibromosucdnic  anhydride  with  water. 

Isobromomaleic  acid,  is  reiy  much  like  bromomaleie  acid,  but  i 
temperature,  viz.  160°.    Its  mver^Bolt  is  easilv  decomposed  by  boili 

Isobr&mamaUie  anhydride^  C^HBrO'.O,  is  oDtained,  with  evolutioi 
acid,  on  heating  isodibromoeuocinic  anhydride  to  180^.    It  is  crysts 

Two  other  acids  having  the'composition  of  bromomaleie  add,  viz 
bromcmudeie  acid,  are  found,  together  with  dibromosuodnic  add,  in 
portion  of  the  seeondaiy  products  resulting  fh>m  the  action  of  bromii 
jSoth  are  crystallisable  and  very  soluble  in  water.  The  former  me] 
the  latter  at  172^.  Their  silver-saltB  are  more  stable  than  that  of  isc 

DibromomaUie  acid,  H*!^** — '^'^  ^^  ^  produced,  ; 

together  with  dibromosucdnic  add,  and  the  two  last-mentioned  modi 
bromomaldc  add,  by  the  action  of  bromine  on  succinic  add.  It  is 
mother-liquors^  and  may  be  obtained  therefrom  by  distiUation  and  a 
the  distillate.  It  is  probably  a  product  of  the  decomposition  of 
tribromosuodnic  add. 

Dibromomaleie  add  o^stallises  in  nodular  gnnms  of  large  needlee 
soluble^  and  volatilises  with  the  aqueous  vapours.  Melts  at  112^.  It 
mIU  are  ciystalline  predpitates,  which  detonate  when  heated ;  the  i 
percusnon.    (Kekul^  Lehrbueh  d.  org,  Chemie,  ii  316. — ^Ann.  Ch. 

Cbtoromalale  aeld.    ^^^^^||o'.— Obtained  by  the  action  o 

phosphorus  on  tartaric  add.  When  1  pt.  of  tartaric  add  is  heated 
the  pentachloride,  large  quantities  of  hydrochloric  add  are  evolved,  t 
chloride  of  phosphorus,  which  must  be  removed  by  prolonged  hea 
current  of  air.  The  residue  consists  of  oily  chloride  of  chhromaUjfl,  C 
18  resolved  by  water  into  hydrochlorie  and  chloromaleic  acids. 

The  reaction  may  be  explained  as  follows : — ^The  first  product  of  tl 
chloride  of  phosphorus  on  tartaric  add  is  the  tetnehlonde  of  the  ra 

^5^'{0«  +  4Pa»    -     C*BH>*.Cl*  +  4P0a«  + 

Tmrtarie  add.  Tetrachloride 

ofurtrjl. 

and  this  tetrachloride,  which  is  identical  with  dichloride  of  dichlorosi 
by  heat  (in  a  manner  analogous  to  the  deoompodtion  of  isodibromosuc 
mentioned)  into  hydrochloric  add  and  dichloride  of  monochloiomale 

c*H«cpo«.a«  -   c«Hcio«.a«  +  na 

Dichloride  ofdlehloro-  DIehloride  of 

Miodofl.  chloromaleyl. 

Chloromaleic  add  forms  white  microsoopie  needles,  soluble  in  wat 
heat  It  is  dibasic.  The  lead-  and  silveriaUi  are  crystalline  predp 
and  Dnppa,  Ann.  Ch.  Phann.  cxv.  105.) 

ItomaUie  aeid,  C*H*0*. 

Isomalic  add  (p.  794),  treated  with  pentachloride  of  phosphorus, 
which,  when  in  contact  with  water,  is  converted  into  Uus  add,  isoi 
add. 

Isomaleie  add  is  crystallisable,  less  soluble  in  water  than  maldc  i 
than  fbmaric  add.  The  neutral  potatnutn-^t  forms  deliquesce 
lead-^alt  is  an  amorphous  predpitate.  The  nlver^saU  is  very  solubh 
solution,  when  boiled,  depodts  metallie  diver.  (K&mmerer,  J.  p 
321 ;  Jahresber.  1863,  p.  379.) 

C*H«0»  -  C^HW.O.  (Pelouie, 
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weight  at  120^.  They  an  odovrie 
Malic  add  ia  soluble  in  aloohoL 
ation  of  actire  malic  acid  rotates  the  p] 
iH  a  -  6^.  Some  of  its  salts  possi 
The  presence  of  acids,  whether  mi 
rotation.  (Pastenr.) 
— 1.  The  acid  heated  for  somehoon 
le  oil-bath,  is  resolved,  withont  any  e^ 
!  acid,  which  oasses  over  in  the  lie 
afterwaids,  ana  about  an  equal  qui 
ils  over,  while  the  rest  remains  in  th< 
B  malic  add  be  suddenly  heated  to  ! 
a  comparatively  laige  quantity  of  n 
Mnd  is  very  slowly,  but  almost  comp 
he  first  product  of  the  decompodtio 
I,  however,  if  the  heat  be  not  quicklj 
d  into  fiimaric  add.  (Pelouse.) 
be  made  to  act  immediately  on  the 
I,  together  with  maleio  and  fiimaric 
»rbonic  anhydride^  empyreumatic  oi 
ipodtion-products  of  the  maleic  and 
L  In  the  open  fire,  the  add  bums  m 
imbination  with  potash  is  decomposed 
ours,  Ann.  Chim.  Phys.  [3]  xiz.  6( 
B  acid,  with  evolution  of  carbonic  anh 
n  of  reducino  agents  it  is  converted  ii 
kdily  on  heatinff  it  with  concentrated  h\ 
cxiv.  106) ;  also  when  malate  of  en 
ia,  ibid,  Ixz.  102;  Liebie.  ibid,  104 
iation  in  the  cold  with  aeiackromaU  i 
essaignes,  Ann.  Ch.  Pharm.  cvii  2 

Malie  Malonic 

■eld.  add. 

I  chromate  of  potassium  and  sulphuri 
dride  (DobereinerV     Boiled  in 
nese,  it  yields  a  distillate  containing 

mtly  heated  with  excess  of  potassie  i 

3*H«KK)»  +  KHO  -  C*H»KO«  +  ' 

caldum  (1  pt)  is  heated  with  petUa 
laryl  passes  over  (Perkin  and  D 
is  heated  with  the  pentachloride  (2  a 
decomposed  with  water,  f nmaric  aci 

alic  add,  though  most  probably  tria 
IS  (p.  796),  contains  only  2  at  hydro 

mveniently  represented  by  the  formu 

hich  is  diatomic  but  monobadc),  anc 

PO«fo«,aDdC*H»0«lo».  HaUe  ad 
IC>    )  HJCJ 

inactive  modifications  of  malic  ad< 
e  former  sometimes  exhibit  hemihedi 

ted  to  200^  give  off  water,  and  are  co 

C*H<M«0«        -        C*H»MK)« 

Bs  are  soluble  in  water.  A  solution  o 
e-waier  or  chloride  of  calotttm^  either 
r  alcohol,  a  white  predpitate  of  calc 
s  also  predpitated  by  long  boiling  of 
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ehBTsctar  lijipliicli  malxe  is  diitiiigiiiBhed  firom  dtri 
*^Ti  210 ;  W  inekler).  The  add  neotraliMd  with  li 
in  vaeno  (an  add  mother-liaaid  remaining)  large,  thin, 
leadilj  in  water,  and  after  drying  in  Tacno  at  ordinary 
water  »  17  per  cent.  (2  at)  at  180<^,  and  abont  half 
polntion,  when  left  to  evaporate  in  the  air,  again  yielda 
boilmg  point,  deposits  a  white,  granular,  nearly  insolubl 
the  laminse,  in  parting  with  half  their  water,  likewise  lose 
and  Mensdor^  Aim.  Ch.  Pharm.  zzri.  135.^ 

2.  Dilute  malic  add  agitated  in  the  cold  with  ei 
remains  strongly  add ;  but  the  filtrate,  when  boiled,  co 
granules  of  the  monohydrated  neutral-salt,  which  is  n 
aqueous  malic  add  (Richardson  and  Mensdor 
obtained,  the  neutral  salt  separates  in  fonr-dded  pi 
teeth,  dissolTe  in  88  pts.  of  oold  and  a  somewhat  i 
(Lassaigne);  or  as  a  granular  powdnr  of  anhydrov 
both  in  hot  and  in  cold  water.    (Hagen,  Ann.  Ch.  Ft 

8.  Hie  same  granular  powder  is  thrown  down  from  X 
wait  by  several  hours'  boiung.    (Hagen.^ 

4.  A  mixture  of  aqueous  chloride  of  caldum  and  neu 
after  a  while,  the  neutral  raalate  of  oaldum,  in  tianspi 
salt  scarcely  froths  up  in  the  fire ;  it  is  completely  deeo 
carbonates.  It  dissolves  in  147  pts.  of  oold  water,  fc 
somewhat  like  nitre,  and  in  at  most  66  pta.  of  boilinf 
separate  on  cooling.    (Bvaconnot) 

6.  The  solution  of  add  malate  of  caldum  nsntnlised 
nate,  yields,  by  evaporation  at  a  gentle  heat^  hard  shini 
which  contain  8  at  water,  give  off  1  at  water  at  10( 
porcelain,  and  are  completely  dehydrated  at  16(P.    (H 

6.  The  granular  salt,  left  to  itseif  in  the  moist  state  foi 
converted,  under  circumstances  not  yet  determined,  is 
crystals,  which,  after  drying  in  the  air,  whereby  they 
22-49  per  cent  (3  at)  water  at  200®.  (Dessaignes 
ziii.  248.) 

.  Neutral  malate  of  ealdum  is  eadly  obtained  in  the 
the  add  malate  in  ammonia,  and  leaving  the  solution  U 
dilute,  an  abundant  erop  of  crystals  is  obtained  in  24  he 
in  hydrochloric  add,  and  ammonia  then  added  in  excess 
crystallise. 

The  crystalline  fbrm  of  this  salt  is  hemihedral,  ai 
whether  dissolved  in  water  or  in  hydrochloric  add.    (1 

Neutral  malate  of  caldum,  kept  for  some  months  und 
vessel  covered  with  paper,  is  converted  into  succinate 
winter,  crystallised  h^drated  carbonate  of  oaldum  and 
wise  produced ;  but  in  the  summer  months,  the  sole 
succinate  of  caldum,  which  gradually  rise  above  the  ( 
while  a  small  qnantitv  of  gas  is  given  aS.    (D  essai  go 

When  a  mixture  of  4  pts.  of  malate  of  caldum,  24  i 
(or  a  smaller  quantity  of  putrefying  cheese  or  fibrin) 
tderably  brisk  evolution  of  pure  carbonic  anhydride  ti 
salt  begins  in  the  course  of  three  days  to  become  gii 
evolution  of  gas  is  terminated,  appears  under  the  micrc 
needles  united  in  stellate  groups,  and  composed  o 
caldum.    The  supernatant  liquid  oontains  acetate  of  a 

If  too  much  yeast  or  cheese  is  used,  or  if  the  mixtun 
is  evolved  as  well  as  carbonic  anhydride,  and  posdbl) 
case  there  is  obtained  but  little  sucdnic  and  acetic,  1 
add,  and  a  colourless,  volatile  oil,  smelliuff  of  apples,  n 
tilling  the  liquid ;  this  oil  dissolves  readify  in  water,  a 
by  chloride  of  caldum  or  carbonate  of  potasnum :  i 
quantity  of  chloride  of  caldum  in  the  dry  state.  For  the 
and  acetic  add  are  produced,  and  puro  carbonic  an 
tion  is : 

8C«H«0»    -     2C«H"0«  +  C*HH)«  + 

For  the  fermentation,  when  hydrogen  is  evolved : 

20«H»0*     »     C^HK)«   ♦   Ai 
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white  eoidy  preeipitata,  wbidi,  when  left  for  some  hours 
coDTerted  into  fonr-flided  needles  g;ronped  around  a  com 
in  boiling  water  to  a  transparent  pitchy  mass ;  it  is  ver] 
soluble  in  boiling  water ;  a  strong  aqueous  solution  depo 
dissolvee  yeiy  easily  in  nitric  acid ;  acetic  add  and  malic 
freely  than  pure  water.  Acetate  of  lead  also  dissolTes 
slow  evaporation  in  silky  needles. 

According  to  R  Otto  (Ann.  Ch.  Pharm.  cxxriiL  17 
bavinff,  after  dr^g  at  100^  the  composition  C^H^Fb^'O 
a  pamy  neutralised  solution  of  malic  acid  into  an  exees 
of  basic  acetate  of  lead,  boiling  for  sereral  hours  with  d 
by  decantation. 

Both  the  active  and  inactive  malates  of  lead  melt 
water ;  the  only  difference  observed  between  the  two  mo 
salt  tikes  a  longer  time  than  the  active  salt  to  become  i 
amorphous  at  Uie  time  of  precipitation,  beinff  convei 
tab  in  a  few  hours,  whereas  the  inactive  salt  may  ] 
days.  l!his  character  may  serve  to  distinguish  between 
quantities  of  them  are  at  hand.  Both  salts  melt  immi 
boiling  water,  but  a  portion  dissolves  and  is  precipitate 
left  at  rest;  the  active  malate  is  then  deposited  afte 
grouped  in  tufts ;  the  inactive  salt,  on  the  contrary,  i 
state,  and  covers  uniformly  the  sides  of  the  vessel ;  bi 
phous  precipitate  disappears,  and  is  replaced  by  needle 
in  tufts,  and  exactly  resembline  those  of  the  active  maX 

Malate  of  lead  in  the  amorphous  state  easily  parts  wi 
water  (14  per  cent » 8  at)  when  dried  over  sulphuric  a 
the  water  is  retained  with  greater  force,  and  it  must  be 
drate  it. 

Neutral  malate  of  lead,  which  melts  easily  when  thro^ 
melt  in  the  hot  air  chamber,  either  at  100^  or  at  a 
retains  its  crystalline  aspect  up  to  170^,  in  spite  of  the  ] 
tion,  and  only  then  begins  to  assume  a  dull  woolly  aspe 
gives  off  more  water,  and  is  converted  into  fumarate  of  1( 

iS.  A  basic  gait,  Pbr0.2C*H*Pb*0»,  is  obtained  by  d 
ammonia,  or  by  pouring  acetate  of  lead  into  the  sok 
ammonia,  or,  according  to  Otto  (loo,  eit.\  by  dropping  i 
of  malic  acid  into  excess  of  a  boiling  solution  of  bas 
becomes  crystalline,  and  does  not  melt  in  boiling  water, 
melts,  with  oonsideruble  diminution  of  volume,  being  th 
neutral  salt 

Basic  malate  of  lead  dissolves  in  acetate  of  lead,  like 
tion,  if  somewhat  concentrated,  is  precipitated  by  ammo 
water,  either  cold  or  boiling ;  but  sufficiently  soluble  to 
few  moist  fragments  are  placed  upon  it 

Malates  of  Lithium. — Both  the  neutral  and  add  a 

Malates  of  Magnesium,— a.  Neutral  salt,  OH«M 
of  malic  acid  boiled  with  magnesia  yields  a  liquid  which, 
deposits  after  some  time,  rhomboidal  prisms  of  this  sa 
of  which  are  given  off  at  100®.  Alcohol  added  to  the  coi 
it  in  anhydrous  flocks,  which  become  pasty  by  heat 

fi.  The  acid  salt,  C«H'»Mg^O>*.4H«0,  is  obtained  in  fli 
ing  malic  add  with  carbonate  of  magnesium,  and  evap 
gives  off  half  its  water  at  lOO*',  and  melto  at  a  higher  t 

Malates  of  Manganese. — a.  The  neutral  salt,  whi 
soluble,  is  obtained  by  saturating  the  add  with  carboni 
s<Ut  is  precipitated  as  a  white  powder,  on  adding  malic  a 
ing  salt  It  dissolves  in  41  pts.  of  cold  water,  and  is  d 
transparent  rose-coloured  crystals. 

Malates  of  Mercury. — These  salts  have  not  been  i 
digested  with  mereurous  oxide,  a  ovstalline  powder  i 
obtained  on  mixing  malate  of  potassium  with  a  dilute  i 
It  is  decomposed  by  boiling  with  water. 

WhdD.  mercuric  oxide  is  boiled  with  a  strong  aolntii 
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Isommlie  acid,  C^*0*. 

An  aeidy  iiomcne  with  malic  acid,  and  perhaps  id 
(ii.  912),  the  ulTer-aalt  of  which  was  deposited  tnm 
containing  nitrate  of  aQrer  and  milk-sn^,  which  had  I 
dipping  papers  soaked  in  snocinio  or  citnc  add.  IHie  fnt 
acid  from  the  silver-  salt,  forms  a  crystalline  mass,  or 
parenty  well-derebped  crystals  resembling  those  of  auj 
salt,  (^H*(NH^)0*.2HH),  remains^  on  en^xunting  the  ne 
as  a  radio-o^talline  mass.  The  neutral  potasnuni'Sali 
in  monodimo  lamina,  The  Uad-^aU  is  a  white  pr 
in  water,  and  not  melting  or  baking  together  in  boi 
C^H^AgK)*,  which  ii  floocnlent  at  first,  is  oonrerted,  w] 
microsocnnc  six-sided  tables,  which  do  not  decompose  at  1 
iodide  of  ethyl,  yields  the  nmtrol  ethgUe  eiker,  C«H\C 
gradually  decomposed  by  water. 

The  isomalates,  treated  with  penitaehlofide  of  pbospha 
with  chloride  of  ftimaryl,  aeeoraiBg  to  the  eqpMtion : 

cf«H«M«o»  +  8Pa»  -  2Ma  +  ma  +  z 

This  chloride  ii  a  liqnid,  whidi  is  partly  decomposed  b 
with  water,  is  resolvM  into  hydroduoric  add  and  isoma 
(Kiimmerer,  J.  pr.  Chem.  IxxxfiiL  821.) 

MAXiIO  AC|XB,  JkMXDWM  OV«    When  ammonia 

solution  of  ethylic  malate,  small  crystals  ci  malamide  i 

C*H«(C»H»)«0»  +  aNH«     -    C*H«1TO 

MaUm  of  echyt  MaUraide. 

and  when  dij  ethylic  malate  ii  saturated  with  ammonia^ 
to  a  crystaUine  mass  of  ethylic  malamate  or  m 

H        )q, 
(C^HH)')"  ^•M'  >  ^®  deeompodtioD  being  represented  by  t] 
C«H*.B?  J  ^ 

This  latter  compound,  diasolTsd  in  alcohol  and  aatnzated  i 
nialamide. 

Malamide  crystallises^  by  dow  en^xuration,  in  well-def 
the  metameric  compound  a^wragine  (i.  421)  by  its  crysti 
any  water  of  crystallisation,  and  by  its  property  of  easil; 
thereby  conrerted  into  ammonia  and  malic  add.  It  dii 
power:  [a]  »  —  47'6.    (Demondesir,  Ann.  Ch.  Phan 

Mai  amic  acid,  C^H'NO^  which  ia  metameric  with  ai 
been  isolated. 

If  malic  add  be  regarded  as  tiiatomic  and  dibasic,  an 

H      ) 
C«H*OnO*  (p.  790),  in  whidi  two  out  of  the  three  typic 

H»  j 
that  is,  easily  replaceable  by  metals,  and  the  third,  alcoi 
placeable  by  add-radides  (see  ii  916),  the  difference  beti 
mide  on  the  one  hand,  and  aspartic  add  and  asparagine  on 
by  formulae  analogous  to  those  of  glycolbo  monamide 
ii  908)  and  glycocme  (ii  902^  thus: 

H» 
(C*HK)«)'" 
H         )  H* 

(C*JPO*r  \  0»  AHHWtk  add. 

H«        )  H 

MaUcacid.  (C*HK)*)'" 

H.H» 

cacid. 

Aspartic  add  bears  the  same  relation  to  malic  add  Uu 
add.  The  saline  or  bade  hydrogen  of  malic  add  ia  still 
the  alcoholic  water-residue  HO  of  the  malic  add  ia  rep 
ammonia-residue  NH^.  Asparagine  ia  the  amide  of  aspi 
aspartic  add  is  not  decomposed  ^  boiling  with  alkalis  {tl 
in  the  saline  plaee^  and  that  aspaaragine,  when  treated  m 
half  its  nitrogen  as  ammonia,  and  is  converted  into  asparl 


dd. 
I  )0 

po")'"In 
p     )o 
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When  boiled  with  strong  cxoi^e  potash,  it  diasolyes  an 
posed,  a  fattr  substance  rising  to  the  snr&ce  of  the  li( 
the  semifloid  portion  is  conrerted  into  a  white  insol 
completely  freed  from  potash  hj  washing  with  water, 
some  difficulty  in  alcohol,  and  crystallises  therefrom  ii 
needles.  It  may  be  heated,  withoat  yisible  alteration 
temperature ;  and  if  cautionsly  heated,  yields  a  crystallin< 
a  small  quantity  of  charcoal  This  substance  gires  hj  a 
and  6*41  hydrogen :  hence  it  i^pean  to  be  tartranilide, 

C« 
Wbmitjl'maJtaDl'amm    IHaUmll.    C>*H*N0'-i(OH 

with  the  preceding  compound,  by  melting  a  mixture  of  i 
the  fiised  mixture  is  kept  in  a  state  of  gentle  ebullition 
syrup  is  obtained,  whicn  solidifies  on  cooling,  and  whe 
nearly  colourless  solution  of  phenyUmalimide^  and  a 
diphenyl-malamide.  The  solution  when  evaporated  y 
form  of  a  eranidiir  mass,  still,  howerer,  mixed  with  dipt 
is  purified  by  digestion  in  hot  water,  and  filtration, 
purified  by  treatment  with  animal  charcoal,  and  evapora 

From  a  hot  concentrated  aqueous  solution,  phenyl-ma 
delicate  needles  grouped  together;  also  when  its  alco 
sometimes,  however,  it  forms  nacreous  laminae,  and  from 
it  is  deposited  in  very  thin,  iridescent,  rectangular  prism 
heated  Detween  two  watch-elasses,  forms  a  aught  mealj 
abundantly  in  water,  <dcohM,  and  ether, 

Phenyl-malimide,  boiled  with  aqueous  ammonia,  is  a 
of  ammonium. 

It  dissolves  easily  in  the  strongest  niirie  acid,  formi 
which  water  throws  down  a  nearly  colourless,  inldistinc 
nitro-phenyl-malimide,  accompanied  by  a  resinous  b 
separate.  The  crystalline  body  dissolves  easily  in  boil 
ooolmg  yields  fine  needles.    (Arpp  e.) 

yhenjUmAlaiiile  aeld.   MtolmaiUe  aeld.    0*B 

acid  is  obtained  in  the  form  of  an  ammonium-salt  by 
aqueous  ammonia  {trid,  eypX  The  solution  of  this  salt  fc 
dpitate,  which,  when  mixed  with  a  small  quantity  of  wi 
aid  of  heat^  by  an  exactly  equivalent  quantity  of  sulphui 
acid ;  and  from  the  solution,  filtered  while  yet  warm,  1 
and  may  be  purified  by  reerystallisation  ttom  alcohoL 
phuric  add  used  in  the  preparation  converts  the  phei 
malimide ;  hence  it  is  best  to  use  rather  less  than  the  e 

The  acid  crystallises  in  white,  faintly  lustrous  gram 
needles,  and  scarcely  attaining  the  size  of  a  pin's  head 
sour  taste,  reddens  litmus,  and  decomposes  carbonate 
somewhat  less  in  alcohol,  and  sparingly  in  ether.  Its  s 
their  solubility  in  water. 

The  solution  of  the  ammonium-salt  remains  dear  wli 
is  slightly  douded  by  boiling  with  potash  ;  with  acetate 
dpitate  soluble  in  water ;  and  with  sesqmehUmde  ofiroi 
colour. 

The  barium-^alt  is  very  soluble  in  water,  and  crystal 
daszling  whiteness ;  it  is  insoluble  in  hydrochlorate  of  i 

Phenyt-malamaU  of  sUver,  C»*fl"A^NO*,  forms  a 
becomes  coloured  by  exposure  to  light ;  it  dissolves  in  w 
solution  in  shining  cubeik  * 


MA&IO  JBrUBHS.  These  compounds  have  not  1 
toDemondesir  (Compt  rend.  xxiiL  227),  the  malatei 
duced  b^  passing  hydrochloric  add  gas  into  a  soluti( 
wood-spirit.  The  neutral  ethers  cannot  be  distilled;  th 
the  crude  liquid  with  carbonate  of  sodium  and  agitati 
takes  up  the  ethylic  or  methylic  malate,  and  leaves  it 
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dns  the  eleinents   of  bitter  almond  oil  and  f 
.  2CHK)»,  and  is  related  to  benzoic  acid  (ao  fiir  a 

1  the  same  manner  as  lactic  to  acetic  add,  was  di 
^harm.  xviii.  310),  who  obtained  it  b^  heating  bit 
cid,  the  hydrocyanic  add  contained  u  the  liquid 
nd  formic  add,  which,  at  the  moment  of  its  form 
il  (Liebig,  Ann.  Ch.  Pharm.  xYiii  89).  It 
liming  snlphnric  add  on  bitter  almond  oil  (Ln 
^02),  and  by  heating  amygdalin  with  fnming  hydi 
?hsrm.  horl  238.) 

Preparation, — ^Bitter  almond  water— obtained  by  distilli] 
«8te  with  90  lbs.  of  water  till  160  os.  have  passed  over, 
iqoid,  and  shaking  up  the  distillate  with  the  bitter  almond  < 
lydrochlOTic  add  of  specific  gravitr  1*12,  and  eraporated  U 
>ath,  till  all  the  hydrochloric  acid  is  expelled.  The  yel 
melling  sli^tly  of  bitter  almonds,  leaves  pure  sal-ammonia 
ither ;  and  the  ethereal  solution  yields  by  spontaneous  eva^ 
systsJline  mass,  which,  when  treated  with,  water,  leaves  i 
laving  the  odonr  of  bitter  almonds.  The  aqueous  solution 
ess,  and  contains  pore  mandelic  add,  which  crystallises  on  < 
—2.  When  bitter  almond  oil  is  txeaked  with  one-third  of 
>hnrie  add,  heat  is  evolved,  the  liquid  becomes  brown  an 
»mpact  mass  on  cooling.  The  mass,  when  treated  with  wa 
lolia  layer  containing  undeoompoeed  bitter  almond  oil  and  c 
aver  oontaining  mandelic  add  and  excess  of  sulphuric  ad( 
AiliBes  from  the  latter  on  cooling  (Laurent). — 8.  A  so 
lydrochlorie  add  is  evaporated  over  tJie  water-bath,  and  the 
»ther,  which  dissolves  the  mandelic  acid.  On  evaporating  1 
idd  crystallises.    (Wohler,  Liebig.) 

Properti€$. — Mandelic  acid  forms  a  scaly  oyBtalline  m 
Bllises  sometimes  in  rhombic  needles,  sometimes  in  rl 
laving  their  acute  angles  truncated  (Laurent);  in  plaU 
lystem  (J.  Heusser,  Pogg.  Ann.  xdv.  637).  It  has 
umonds,  and  a  strong  acid  taste,  with  a  somewhat  styptic 
irith  loss  of  water,  into  a  yellow  oil,  which,  on  cooling;  sol 
Winckler).  When  a  solution  of  mandelic  add  in  stn 
)o»ted  at  a  temperature  above  100%  it  becomes  amorpl 
lolution  with  a  small  quantity  of  wafer,  but  is  precipitates 
brm  of  a  heavy  yellowish  oil  (Wohler).  The  add  is  vc 
md  fther, 

DecomponHofu.  The  add,  heated  above  its  meltine 
(dour,  recalling  those  of  white-thorn  bloffi<oms,  hyadnth, 
n  a  distillatory  apparatus  to  a  temperature  short  of  earbo 
i  dark  brown,  resinous,  balsamic  mass,  which  dissolves  sp 
n  :  Ikalis  and  in  alcohoL  A  lai^e  quantity  of  bitter  a 
ame  time.  The  add  bums  with  a  red,  smoky  flame,  leav 
ible  charcoal  (Winckler).  When  it  is  boiled  with  mi 
limes  continue  to  escape,  the  formic  acid  is  decomposed 
B  converted  into  benzoic  acid,  which  crystallises  on  ad< 
Vben  chlorine  gas  is  passed  through  an  aqueous  solut 
melling  like  chloride  of  benzoyl  separates  at  first ;  and  ij 
he  passage  of  the  chlorine  continued  till  this  oil  has  com] 
ion,  when  subsequently  treated  with  add,  gives  off  carbo 
tenzoic  add  in  the  form  of  a  cxystalline  magma  (Liebig 
/vitriol,  and  the  solution,  when  gently  heated,  gives  oS 
?he  aqueous  solution,  boiled  with  perwntU  of  ftumganesi 
nd  bitter  almond  oiL    (Liebig.) 

Man  delates. — The  add  neutralifles  bases  completely,  \ 
rom  its  compounds.    (Wi n  ckl  er.) 

Mandelaie  of  Ammonium. — This  salt  is  obtained  by  sli 
queous  add  with  ammonia,  and  leaving  the  sohition  to  eva] 
0  crystallise,  and  generally  forms  a  yeUowish-white  mass, 
^en  heated,  it  decomposes  in  the  same  manner  as  the  free 
mallest  quantity  of  water,  and  readilv  in  aloohoL    (Wine! 

Manddate  of  Barium,  obtained  by  decomposing  carbonate 
dd,  gyntallises  readily  in  small,  tolerably  hara  needkiL 
n  water  than  the  potassium-salt    (Winckler.) 
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enidbK  ai  kM  ai  lijdioelilafic  add  oontii 
hustiBg  with  boUiBff  water,  and  filtering, 
by  theheat  into  hydrochlorie  acid  and  mi 
remaiDB  unaltered,  and  is  eaailj  dieaolted  c 
(Everitt.  PhiL  Mag.  [8]  tL  4M).  Chlori< 
dpitated  white,  without  any  shade  of  bine, 
fledi-red  colour,  by  sulphide  of  ammonium  : 
slightest  trace  of  iron  imparting  a  peroeptil 
By  precipitating  the  whole  of  the  solution  v 
may  be  freed  firam  barium,  calcium,  and  othi 
it  must  be  removed  by  sulphydrie  acid,  befoi 

The  solution  of  ^oride  of  manganese,  o 
by  cooling,  or  by  epontaneo«s  eraporation,  b 
chloride  having  tb«  composition  abore  indit 
ffiinations  <rf  their  form  by  different 
8chabu8  {Bfschrei/nmg  der  KrwtdUgui 
ooP  .  [  ooPoo  ]  .  [P«  ].  Ratio  of  clinodij 
»  0-4101  :  1  :  0*8881.  Angle  of  inclined 
diagonal  principal  section  —  142*  56';  [P 
to  Bammelsberg  {Kry$taUiogmki9ck$  i 
9ur  lea  formea  erystaUins  ds  guefyies  em 
rend^  ^L  288),  the  dinod.,  orihod.,  ami 
11625  :  1  :  06445,  and  the  angle  of  the  ii 
in  the  dinodiagonal  principal  section  ■ 
ooPoo  :  [Poo]  -  97"  15'.— Marignacha 
ciyBtals  of  the  same  composition,  but  of 
hydrated  ferrous  chloride,  FeCl«.4H«0,  ai 
manganous  chloride,  supersaturated  by  en 
stand  for  some  time  at  a  temperature  betw( 
lous  paper.  These  crystals  are  also  monoc! 
590  14',  jy^Qj  exhibit  the  combination  OP 
the  dinodiAgonal  principal  section  »  86"  0 
—  P  in  the  orthodiagonal  principal  sectio 
-P  -  126"  30';  oP  :  riP«>]  =  142"  W. 
dimorphous.  It  must  be  observed,  howe% 
rare  occurrence,  the  solution,  even  when  ev 
just  mentioned,  generally  yielding  the  ordii 
to  the  determinations  of  Marignac  and  Ra 
Schabus  are  deddedly  different  from  both, 
hydrate. 

The  crystals  (MnCl«.4H«0)  placed  ore 
recdver  containing  air,  lose  2  at  water  at  < 
they  become  white  and  opaque  (John); 
scopic  water  with  decrepitation,  and  becoi 
50"  semi-fluid ;  and  at  87*5  they  form  a  n 
mass  be  kept  for  some  time  at  a  temperatni 
of  water,  and  leaves  a  white  powder,  which 

Both  the  anhydrous  and  the  hydrated 
part  of  the  crystals  absorbing  1*2  parts  oj 
dissolves  at  lO^in  0*66  parts;  at  81*25"  in 
in  0*16  parts  of  water  (Brandes).  The 
Bjnyj  consistence. 

The  salt  dissolves  rradily  in  alcohol,  bnt 
The  slcoholic  sohitioB  of  the  hydrated  salt 
crystals,  still  containing  4  at  water.  The 
in  boOinff  absolute  alcohol,  crystallises  out  1 
porated  m  vacuo  yields  an  additional  qa 
weight  of  alcohoL 

A  solution  of  maaganoiis  chloride  is  not  altered  by  ps 
if  diloride  of  potasdum,  diloride  of  barium,  &C.,  be  aadi 
tate  of  hydrated  peroxide  of  manganese  is  formed  (S 
Phys.  [3]  xzxiz.  161).  According  to  Mi  Hon  (Jah» 
oxidation  is  produced  by  chknine  water  which  has  b 
therefore  contains  hydrochloric  and  hypodilorous  adds. 

Manganous  dilonde  forms  two  crystalline  double  salt 
One  of  these,  MnCl*.2NH*Cl,  forms  cubical  crystals  cont 
Rammdsberg,  and  2  at  according  to  v.  Hauer.     The  crj 
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fleBh-coloared  pneipttate  of  hydrated  sulpliide  of  raai 
snlphide  of  unmomiim,  but  readily  aoloble  in  acida 
turns  brown  on  the  snr&oe,  from  oxidation.  This  reac 
other  metal  giTixijg  anything  like  it ;  a  Tery  small  ti 
colours  the  precipitate  black. 

Caustic  alkalis,  added  to  solutions  of  manganous  saJ 
of  manganeae  in  the  form  of  a  white  hydrate,  whidi 
air,  and  becomes  brown ;  when  collected  on  a  filter  anc 
into  a  blackish-brown  powder,  which  is  the  hydrate  < 
change  is  instantaneously  produced  by  the  action  ol 
hydrate,  or  by  the  addition  of  chloride  of  lime  to  a  i 
nese;  but  then  the  hydrated  peroxide  is  formed.  2 
hydrate  from  neutral  manganous  solutions ;  in  solution 
niacal  salts,  it  giyes  no  precipitate ;  but  if  sufficient  ai 
on  exposure  to  the  air,  gradually  deposits  all  the  mangi 
The  a/kaUfie  monoearbonaUt  precipitate  white  carboi 
not  turn  brown  in  the  air,  and  dissolyes  sparingly  in  a 
Acid  carbonate  of  potassium  precipitates  a  strong  solut 
dilute  solution  slightly  turbid ;  but  if  the  solution  c 
exopss  of  carbonic  acid  is  set  free,  no  pree^tate  ia  to 
do  not  precipitate  manganous  salts.  Alkahns  pkospkoi 
white  precipitates. 

Ferroeyanide  of  potassium  forms  in  neutral  solutioi 
precipitate,  haying  a  tinge  of  red,  and  soluble  in  tree  ac 
forms  a  reddish  precipitate,  insoluble  in  adds. 

The  least  trace  of  a  manganous  salt  may  be  detected 
little  diotid^  of  lead  (or  red  lead),  and  niiric  aeid,  iHi< 
is  produced,  owingto  the  fbrmation  of  permanganic  ac 
mansanic  oxide.  The  colour  is  readily  perceptible  wh( 
subsided.    This  is  the  most  delicate  test  for  mansanese 

All  compounds  of  manganese,  after  boiling  wiui  hyd 
actions  of  manganous  salts. 

$.  Of  Mangamd  salts, — Solutions  of  manganic  salts 
a  bUck  precipitate  of  manganic  hydrate,  unkas  ehlori< 
which  case  no  precipitate  is  formed.  They  are  yeiy  ux 
ganous  salts  merely  by  heatings  also  by  kjfdrocMorio^ 
any  orgame  compcimd,  the  liquid  then  becoming^  oolou 
xeduoes  them  to  manganous  salts,  and  then  preapitatei 

y.  Of  Manganates* — The  manganat>es  of  the  alkali 
forming  green  solutions,  which,  howeyer,  are  Tory  u 
exposure  to  the  air,  from  formation  of  permanganic  1 
hydrated  peroxide;  this  change  is  retarded  by  the 
Nitric,  sulphuric,  or  A^fdrochloric  add,  eflfocts  toe  chai 
add,  the  red  solution  gradually  becomes  brown,  and, ' 
to  the  formation  of  manganous  chloride.  The  solution 
rous  and  suipkydric  acuu,  and  other  reducing  agents. 

8.  Of  Permanganates. — The  alkaline  permangana 
purple-red  colour.  They  are  yery  easily  reduced  by 
redudng  agents  (e.  g.  hydrochloric,  sulphurous,  arseniou 
firrous  salts,  stannous  saUs^  &c),  me  solution  first 
mlourless. 

8.  Quantitative  Estimation  and  Separatio 
cipitating  manganese  from  the  solution  of  a  manganoi 
sodium  at  the  boiling  heat  The  predpitated  carbon 
washed  with  boiling  water,  and  calcined  at  a  strong  rec 
into  manganoeo-manganic  oxide,  Mn'O*,  containing  72* 
the  solution  contains  a  considerable  quantity  of  ammonia 
after  mixing  it  with  excess  of  carbonate  of  sodium,  an^ 
of  the  residue  by  water. 

From  the  metals  of  Oroup  I.  (L  217X  manganese  is  t 
tion  of  its  sulphide  from  an  add  solution  by  sulphydric 
metals  of  Group  IL,  which,  like  manganese  itselij;  are  pt 
nium  and  not  by  sulphydric  add,  is  more  difficult. 

The  methods  of  separating  manganese  from  iron  1 
Ibom  (p.  386)i  The  best  is  to  preapitate  the  iron  (pr 
state  by  snodnate  or  benaoate  of  ammonium)  tnm  a  sol 
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The  BKMt  exMt  of  the  preetding  operimentf  appear  to 
of  mAOganeM  is  27*6  or  66,  aeooidiiiff  m  it  is  reguded  i 

R.  Schneider  (Pogp.  Ann.  (1869)  crii.  666)  haa,  ho^ 
Tesalt:  1.  By  determining  the  qnantitj  of  water  prodiu 
ganoeo-manganie  to  manganooi  oxide  by  reduction  with  1 
the  ratio  between  the  carbon  and  man^eee  in  mangano 
gave  aa  a  mean,  Hn'  «  27*01 ;  the  second  27*02.  Schn 
the  tme  atomic  weight  of  manganese,  Mn's  27  or  Mn^e 


This  term  is  appi 
oocnrring  in  amorphoos,  loosely  coherent  masies  (see  p.  I 

•KAVOJkraiS*  VIiVOXIBBB  OV.  Manganom 
by  diasolTing  the  carbonate  in  excess  of  hydrofluoric  aci< 
of  acid,  Uie  salt  separates  in  small,  indistinct,  amethyi 
insolnbls  in  pore  water,  bnt  dissoWe  in  water  eontainin| 
fluoride  is  not  decomposed  by  heat  alone,  bnt  when  £ 
metallic  mangancMc  (p.  801). 

Manffanie  fluoride,  Mn*F*,  is  obtained  by  diaestiDg  th< 
excess  of  hydrofluoric  add.  The  resultinff  da»  brown  s 
erapozation,  crystals  of  manganic  fluoride,  which  are  i 
light,  and  yield  a  roee-colound  powder.  They  dissolvi 
very  small  quantity  of  water ;  but  the  solution  is  deoomp 
acid  fluoride  and  an  insoluble  basic  compound  or  oxyl 
the  solution,  throws  down  manganic  hydrate. 

Perfimoride  rf  Uangansie,  Mn*P«  ?— When  a  fused  mix 
hydrate  of  potassium,  and  chlorate  or  permanganate  of 
its  weight  of  fluorspar,  and  drenched  with  strons  sulpl 
formed,  which  is  decomposfd  and  acquires  a  purpTs  cole 
and  corrodes  glass,  forming  fluorids  of  silicium  and  per 
it  is  resolved  into  hydrofluoric  and  permanganic  acids,  foi 
remftins  unchanged  in  stoppered  bottles,  but,  when  e?i 
and  hydrofluoric  acid  vapour,  and  leares  a  brown  shinii 
dissoWes  manganous  fluoride,  learing  a  black  insolubls  1 
dissolves  copper,  mercury,  and  silver  (not  gold  or  platini 
ths  same  time  becoming  perfectly  colourless.  (Wohh 
also  Dumas,  Ann.  Ch.  Fhys.  [2]  xxxvL  82.) 

•KAVO  Awasa^  O&BT.  a  tena  sometimes  appl 
lusite(pp.810,  811). 

•KAVOAWMiB*  lOBIBMi  OV.  a.  Mtrnftmoui 
manganous  carbonate  in  aqneoos  hydriodie  acid  leave 
having  a  somewhat  stjrptie  taste.  When  kept  from  co] 
without  decomposition ;  Mt  on  the  sdmission  of  air,  it  is 
and  manganous  oxide.  It  deliquesces  in  the  air,  and  dissi 
a  colourless  solution,  which,  on  evaporation,  deposits  i 
when  exposed  to  the  air,  is  slightly  deeompoeed,  deposi 
and  chlorine,  as  well  as  concentrated  nitric  or  sulphui 
(Lassaigns.) 

/S.  JUamffomie  iodide, — Veiy  flnely-pounded  peroxide  < 
eold  aqueous  hydriodie  acid,  yields  a  oark  yellowish-red  i 
evolves  iodine,  and  is  rapidly  converted  into  manganous : 

•KAVOtAJraSBy  OJL&DBB  OV.  Manganese  for 
composition,  vis.: — 

Protoxide  or  Manganous  oxide  .  •  •  . 
Manganoso-manganic  oxide  .  .  •  • 
Besquioxide  or  Manganic  oxide  .  .  •  . 
Dioxide  or  Peroxide 

The  protoxide  ia  a  strong  base,  fmning  with  acids  a  cl 
sesquioxide  is  a  weak  baM.  Manganoso-masganio  ad^ 
composition  in  certain  adds.  The  peroxide,  treated  with 
ganous  or  manganic  oxids  and  free  oxy^n. 

There  axe  also  two  or  three  other  native  oxides,  intermi 
the  sesqui-  and  di-oxides,  vis.  Varvaeite,  NewkirHte,  &c,  I 
and  are  probably  mere  mixtures.  Beddes  these  it  is  usi 
oxides,  MnO*  and  Mn'O*,  which  are  the  anhydrides  con 
permanganic  add  respectively :  but  they  have  not  yet  been 
at  present  be  r^gaidad  M  mmly  hypothetieaL    (See  Mai 
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detrammw  tha  lUbilitj  of  one  or  the  oUier  oodde  9\ 
pentore.  ,    .     .    ,  . 

Menguiie  oxide  when  itionglj  ignited  in  a  doee  i 
oxygen,  and  leayei  mancanoeo-manganie  oxide.  Bt  h 
dilute  fulphorio  acid,  it  la  reM>hred  into  protoxide,  wfaid 
remains  ondisaolTod.  Hot  strong  fulphnric  acid  rednc 
dissolTes  it,  with  erolatioo  of  oxygen  gas.  Hot  hydz« 
evolation  of  chlorine. 

HydraUd  Momgmdo  oxide,  or  Manganic  Hydrate,  Mn^ 

oomponnd  is  fonnd  nattTe,  as  MangamUe  or  Grey  Mm 
porph jiy,  at  Ihlefdd,  in  the  Harts ;  at  Ilmenaa  and  Oeh 


deenshire ;  at  Undenaes  in  Sweden ;  and  at  Christiansan< 


plane  of  combination  Pco .  Cleavage  very  perfect,  pan] 
longitudinallir  striated  and  often  grouped.  The  inin< 
ffmnnlar.  Hardness  -  4.  Specific  gravity  —  4*2—4*4 
dark  steel-srey  to  iron-bhu^  Streak  reddish-brown,  so 
minate  splinters  sometimes  brown  by  transmitted  lig 
before  the  blowpipe. 

AnaXyeee  of  Manganite, 


Weai 

1 

GciUamd. 
ArfV«dioD. 

g=;n; 

Manganese  • 
Oxygen 

89*92 

62-86 
;    27-64 

Water  . 

10*08 

9*50 

100*00  100*00 

Manganic  hydrate  is  piwpaied  artificially  by  exposii 
the  air,  or  by  passing  chlorine,  not  to  saturation,  ii 
carbonate  is  snspendM,  decanting  the  liquid,  and  dii 
containing  manganons  carbonate,  m  cold  yeiy  dilate  ni 
manganons  oxide ;  when  prepared  by  this  latter  proo 
with  hydrated  peroxide. 

Manganons  hydrate  artificially  prepared  is  a  light 
eolonr  and  camible  of  soiling  very  strongly.  It  gives 
above  100^.  By  boiling  with  moderately  concentrated 
protoxide,  which  dissolves,  and  a  residne  of  hydrated  p 

Manganic  oxide  dissolves  without  deoomposition  in  < 
manganic  chloride.  Strong  snlphoricacid  combines  witl 
100^,  but  does  not  form  a  solution.  Dilute  sulphuric  i 
man^ous  oxide  is  present,  even  in  very  smaU  quant 
tion  IS  formed.    (Carius.) 

A  manganic  smphate  may  be  prepared  by  mixing  f 
ganese  with  monobydrated  sulphuric  acid  to  the  oonsii 
heating  the  mixture  to  135^.  It  may  be  heated  to  160 
decomposed  at  higher  temperatures  into  oxygen  and  mi 
quickly  reduced  by  organic  substances,  and  deoompoM 
man^anous  hydrate  (Carina,  Ann.  Ch.  Phann.  xcviii 
the  simple  manganic  mlts  is  the  phosphate,  which  disi 
position. 

Generally  speaking,  however,  manganic  oxide  does  i 
unless  another  base  or  protoxide  is  present :  with  snip 
several  double  salts  having  the  constitution  of  alun 
potassio  sulphate  found  native  on  the  shores  of  the  Or 

W«ngmnoao«^panymlo  oside«  or  Bed  osida 
MnO.Mn*0'.— This  oodde  oocun  native,  as  Hauemoi 
manganese  ores,  with  porphyry,  near  Ilmenau  in  Thu] 
Harta.  The  crystals  ara  acute  quadratic  pyramids,  ii 
secondary  axes  as  1*176:  1.  Angle  P :  P  in  the  tern 
lateral  edges  -117®  64'.  Cleavage  basal,  nearly  perfe 
the  face  of  combination  being  parallel  to  Poo ,  the  sam< 
occurring  between  four  individuals.  Also  granular 
HHtdnesss6to6*5.   Specific  gravity -4*722.   Lustre 
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812  MANGANESE,  OXIDES 

Peroxide  of  mABganeee  if  prepaved  by  the  feUowini 
manganic  or  manganic  oxide,  is  boiled  with  stzong  nitric 
ia  gradnally  heated  to  incipient  xedneaa,  and  the  reai 
boiunff  nitno  add  from  anj  remaining  manganons  oxide; 
w»ahd  and  rety  canfbll j  heated  to  low  redneaa,  stiirin 
— 8.  Manganons  carbonate  is  heated  in  an  open  TesBel' 
carbonate  which  may  tiien  remain  nndeoomposed,  are  xen 
hydiochlorie  acid;  wherenpon,  aooordinff  to  Forehham 
behind. — 4.  Manganons  caroonate  is  carmdly  heated  wit! 
and  the  mass,  when  cold,  is  well  washed  with  water  (G-ob( 
ganons  salt^  eren  when  Tezr  dilute,  proiided  it  is  perf< 
peraxide  of  manganese  on  me  posiUre  pole  of  a  Toltaic 
saAcient  for  the  porpose  (Fischer,  Eastn.  Arch,  xri  21G 
oxide  of  manganese  is  black  with  snbmetallic  Instre,  hard 

Peroxide  of  manganese,  whether  natoral  or  artificial, 
tridty,  and  is  remar£able  for  its  tendency  to  become  strom 
with  metal^  so  that  powerftil  Toltaic  combinations  may  c 
plate  oofered  with  it  as  the  n^gatiTe  element  Discs  of 
oxide  are  also  nsed  in  the  oonstroction  of  dry  piles.    (Sec 

The  peroxide  when  heated  alone  gires  off  part  of  its  ouq 
ganic  or  manganoeo-manganie  oxid^  according  to  the  desre 
pontion  takes  place  more  readily  in  open  than  in  dosed  ▼< 
'  linear 


a  charcoal-lined  orodble,  it  is  rednoed  to  protoxide,  and  if 
ganons  oxysnlphide,  with  erolation  of  smphamus  anhyc 
strong  mlphuHe  aeid,  it  gives  off  one-fonrth  of  its  oxygen 
tion  oi  manganic  sulphate;  and  on  heating  the  mixture 
oxy^n  is  eiven  off  and  man^nous  sulphate  is  produced 
facilitated  by  mixing  the  peroxide  with  organic  substances,  i 
carbonic  anhydride  being  then  eroWed  instead  of  oxyg< 
aeid  it  Ibrms  manganic  <mloride ;  on  heating,  manganoui 
chlorine.  With  eulpkmroue  aeid^  it  forms  a  solution  con 
and  hyposulphate.  By  i^tion  with  j)oteiil  in  a  dose  re 
ganons  oxide  and  manganic  add. 

The  facility  with  which  percndde  of  manganese  parts 
renders  it  a  Tery  Taluable  oxidising  agents  both  m  the 
manufactures.  It  is  extensiTdy  used  fat  the  erolution  o 
add  (i.  890),  also  for  discharging  the  brown  and  green  tii 
pyroiusUe  (pom  w9p  fire,  aixl  X^mt  to  wash)  applied  to  t 
somewhat  whimncal  title,  eavon  dee  verriere,  given  to  it  b; 

HydraUe  of  ike  Peroxide, — ^Peroxide  of  manganese  unit 
portions,  according  to  the  mode  of  preparation.— «l  In  th( 
of  manganates  or  permanganates  dissolred  in  water  or  i 
hydrated  peroxide  is  precipitated,  which  cakes  together  tc 
taining  MmnO^HK)  (Mitscherlich).  The  same  hydrat 
carbonate  suspended  in  water  is  treated  with  chlorine,  an 
well  washed  with  dilute  add(Berthier).— ^.  A  hydrate 
obtained  when  a  solution  of  a  numnnous  salt  is  predpiti 
potash  and  potassic  hypochlorite  (Winkelblech).— y.  T 
depodted  on  eraporatinff  a  solution  of  manganons  broi 
1.  4MinnO*.H*0  is  obtamed  by  treatinff  manganoso-mai 
nitric  add  (Berthier).    See  GmeUn*e  Handbook^  iii.  206 

According  to  G-drgen  (Ann.  Ch.  Phjrs.  [8]  Ixri.  166  ; 
oxide  of  manganese  acts  as  an  add,  uniting  with  bases,  ax 
when  suspended  in  perfiMtly  pure  water ;  hence  Oorgen  pro] 
acid.    (See  Manoamio  Acids^  p.  817.) 

Oxidee  of  Manaaneee  intermediate  m  comnoeiUcm  he 
Dtoside, — Under  tnis  head  are  induded  sereral  ores  of  mi 
one  or  two  of  definite  constitution,  but  the  greater  n 
different  oxides,  which  cannot  be  regarded  as  dcdnite  chei 
mineral  spedes. 

a.  FeUomdame.  BO.MnO*.HK),  with  excess  of  peroxi 
the  symbol  BO  denotes  protoxide  of  manganese,  partly  n 
diiefly  baiyta  and  potash.  This  ore  occurs  massire 
»  6  to  6.  Specific  gravity  »  8*7  to  4*828.  Lustre  subi 
black,  shining.  Colour  iron-black,  passing  into  dark  si 
common  ore  of  manganeee,  occurring  frequently  in  alter 
It  is  found  in  botxyoidal  and  stalactitic  shines  in  De 
Ihlei^ld  in  the  Havta,  and  the  other  localities  undermentio 
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814  MANGANESE,  OXTOES 

brownisb-black  colour  and  reddith-farown  ftmk :  hudn 
from  Groroi  in  Hayenoe,  Viodessos  in  Spain,  and  Canteei 

Cupreotu  Manganede  oontaina,  besides  bydroos  oxides 
per  cent,  oxide  of  copper,  and  4  to  18  per  cent  oxide  of  c 
Specific  gravity  8*1  to  3'2.  Peiokanite  is  a  Tarietj  of  < 
Uver-brown  streak.    Hardness  »  8.    Specific  gravity 

Earthy  Cobalt  is  a  wad  in  wbicb  oxide  of  cobalt  some 
88  percent 

Valuation  of  the  0:ndst  cf  Man^ 

Tbe  numeroQB  applications  of  the  higher  oxides  of  ma 
tnres,  depend  apon  the  quantity  of  oxygen  whidi  they 
the  action  of  acids,  or — ^what  comes  to  the  same  thins — \ 
they  are  capable  of  eliminating  when  treated  with  hyd 
seen  from  tne  following  equations,  which  represent  the  i 
the  dioxide,  sesquioxide,  and  red  oxide  of  manganese : 

MnO>  •»-  4Ha    B     Mna*   •»-  2B 
Dioxide. 

MnW  +  6Ha    -    2Mna«  +  8H 
Sesquioxide. 

Mn>0«  •»-  8HC1    »    8Mna«  +  4B 
Red  oxide. 

Hence  it  appears  that  the  quantities  of  hydrochloric  a 
quantity  of  cnlorine,  when  acted  upon  by  these  three 
2:8:4;  or  a  given  weight  of  hydrochloric  acid,  acted 
yield  quantities  of  chlorine  in  the  inverse  ratio  of  these 

Moreover,  as  the  sesquioxide  and  red  oxide  may  be  re{ 
composition  is  concerned)  as  compounds  of  the  protoxide 
MnO*;  and  Mn*0«s2MnO  +  MnO*),  it  foUows  that  thi 
ganese-ore  may  be  regarded  as  propoitional  to  the  pero 
contained  in  it 

The  methods  of  assaying  the  oxides  of  manganese 
heads: — 1.  The  determination  of  the  amount  of  ozj 
acid. — 2.  The  oxidation  of  oxalic  add. — t.  The  evolutioi 
acid. 

a.  The  decomposition  of  peroxide  of  manganese  by  < 
represented  by  the  equation : 

MnO«  +  H«SO«    -    MnSO«  +  B 

The  sample  of  manganese  ore  to  be  tested  is  heated  i 
small  retort  provided  with  a  bent  delivenr-tube  passing  i 
jar,  filled  with  and  standing  in  an  alkaune  liquid,  so  tt 
may  pass  over  may  be  absorbed,  and  the  oxygen  alone  cc 
retort  are  heated  to  the  boiling  point,  the  heat  being  o 
disengaged.  The  apparatus  is  then  left  to  cool,  and  the  y 
corrected  for  pressure,  temper; 
Fig,  781.  vapour. 

Bach  atomic  proportion  (1 
evolved  corresponds  to  1  at  pe 
Moreover,  as  tbe  reaction  is  i 
composition  of  the  peroxide  1 
of  oxygen  evolved  in  the  one 
chlorine  eliminated  in  the  otb 
^.  1^  oxidation  of  oxalie 
heated  with  peroxide  of  man^ 
the  disengaced  chlorine  conv< 
bonic  anhy<uide,  2  at  carbo 
senting  2  at  chlorine,  and  the 
ganese:      

c*H«o«  +  a*  - 

Oxalic  acid. 
The  Quantity  of  carbonic  anh} 
mined  bv  means  of  the  fiaak 
781,  and  already  described  uni 
grains  of  the  manganese-ore  finely  pulverised  are  introc 
with  half  an  ounce  of  cold  water  ana  100  gnuns  of  strong 
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816         MANGANESE,  OXYCHLOBIDE- 

epri»wopdiiig  to  a  gifen  weight  of  cMoriiie,  ii  caleolatad  1 
-  71 :  87. 

Etch  e.  e.  of  the  add  aneniou  solution  (i.  904)  correi 
•nd  to  0-01183,  peroxide  of  mangAiieee ;  henoe  60  e.  e.  eo 
and  to  0*5915  peroxide.  If  the  ore  in  rich,  about  1  grm. 
if  it  be  poor,  from  1*5  to  2  grm.  shoidd  be  taken. 

Each  c.  c.  of  the  alkaline  aneniona  aohition  (i.  904) 
chlorine,  and  to  0*0042  snn.  peroxide ;  hence  100  c.  e. 
oxide;  and  if  0*42 grm.  be  taken  for  aJDaljtia,  the  nnml 
which  ia  oxidiaed  by  it  giyea  at  once  the  pooentage  of  f 
book  qf  Chemical  Analysis,  p.  247.) 

KAVoJursMi,  ozTcnnbomiBB  or.    The  ] 

■eribed  b/  Damas  (p.  806)  ia  periiapa  an  oxyehkridai 

when  manganoua  sulphate  is  ignited  in  a  stream  of 
sulphide  of  manganese,  when  an  oxide  of  manganese  ia  ig 
It  18  a  green  powder  which  does  not  alter  at  ordinary 
when  heated,  and  bums  to  nearly  pure  manganoso-i 
strongly  heated  at  the  last.  It  dissolves  in  acids  as  easi 
prepared  in  the  wet  way.    (Arfvedson.) 

MAHrcmWMa, »B08»XIBB  or.  Obtained bj 
of  10  pts.  of  pure  ignited  dioxide  of  manganese,  10  pts 
of  white  quaitz-sand,  and  3  pta.  of  ignited  lamp-black  f( 
crucible,  to  a  heat  sufficient  to  melt  cast  iron ;  or  by 
ignited  phosphate  of  manganese,  3  pts.  of  ignited  lamp 
borax  in  a  crucible  lined  with  charcoal.  The  product 
regulus  of  the  colour  of  grey  cast  iron,  and  of  specific  gr 
in  the  air,  glows  when  heated  in  contact  with  air,  bum 
heated  with  nitre.  It  appears  to  contain  Mn*P*,  and  is 
and  Mn'P*,  the  latter  of  which  compounds  is  left  behind 
with  hydrochloric  acid,  while  the  former  dissolTes,  with  v 
inflammable  phoephoretted  hydrogen.    ( W  o  h  1  e  r,  Ann.  < 

Schrotter  (Jahrssb.  1849,  p.  247),  b^  heating  finely 
phorus-yapour,  obtained  a  phosphite  naying  the  compoeil 
4*94,  insoluble  in  hydrochloric  acid,  easily  soluble  in  niti 

BiAircMurasa,  bvlxoxdm  or.   The 

silicinm  in  altering  the  physical  properties  of 
mentioned  (p.  802^  Wohler  (Ann.  Ch.  Pha 
question  by  preparing  manganese  containing  la 
of  about  equal  parts  o(  fluoride  of  manffanesOj  i 
into  a  hessian  crucible,  and  covered  wiUi  a  mixi 
of  sodium,  then  heated  and  exposed  to  ahi^c 
brittle  regulus  containing  11*7  per  cent  siliciun 
line  structure  on  the  fracSired  surfiMie,  but  with< 
action  of  hydrochloric  acid  upon  it  was  ooiu 
oxide  of  siliciuin,  Tety  dense  but  not  crystallim 
time  contained  siliciumtted  hydrogen,  and  de^ 
through  a  red-hot  glass  tube ;  hydrofluoric  m 
hydrogen  gas.  A  mixture  of  fused  chloride  of  i 
glass  and  sodium  gelded  a  well  fiised,  very  1 
silicinm,  and  exhibiting  a  few  cavities  filled  wit 
ture  of  fused  manganous  chloride^  fluor-spar,  i 
yielded  (after  somewhat  (quicker  cooling)  a  i 
containing  6*6  per  cent  silidum  and  having  a 
mixture  df  manganous  chloride,  sodium,  fline  < 
in  the  proportion  of  22  :  26)  yielded  a  yelloi 
silidum,  with  indications  of  laminar  struetc 
dined  to  believe  that  even  a  small  quantity  of 
peculiarities  of  the  metallic  manganese  obtainea  oy  Drun 

KAWOAnMf  IMED.  Native  carbonate  of  mai 
(i  788). 

•KAVOJkraiB,  SU&FHZBB  Or«  Manffomaui 
only  known  sulphide  of  manganese,  occurs  native  as  JUa 
in  the  gold  mine  of  Nagyag  in  Transylvania,  somi 
and  regular  octahedrons,  with  perfect  cubic  cleavage, 
lorly  massive.    Hardness  =>  3'6  to  4.    Speciflc  gravity  - 
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munure,  Liebig  instanced  the  Urge  quantity  of  uitrogenoos  sabstai 
hHv,  milk«  and  flesh— on  grass-la^d  without  any  supply  of  nitrogc 
noiitrasted  that  fact  with  the  smaller  produce  of  nitrpgenous  cons 
within  the  same  period— as  com  and  roots — on  land  to  which  nitro; 
plied  as  manure  in  greater  quantity  than  was  contained  in  the  | 
referred  to  the  export  from  E^ypt  of  ammonia^  obtained  by  burning  a 
the  proverbial  fertility  of  that  country,  where  only  the  ashes  of  exc 
mud,  containing  little  nitrogen,  had  been  used  as  manure  for  ages 
ciieene  from  Hdland  and  Switzerland, — as  rendering  it  perfectly  oei 
dution  of  nitrogenous  constituents  of  plants  was  not  proportionate 
nitrogen  supplied  to  the  land  in  the  manum :  that  the  export  of  ni 
was  not  exhaustive ;  because  it  was  not  the  soil,  but  the  atmosphi 
nitrogen  to  plants :  that  it  was  impossible  to  augment  the  produi 
supply  of  highly  nitrogenous  manure,  or  of  ammonia-salts  alone; 
contrary,  the  capability  of  land  to  produce  crops  increased  or  diminij 
portion  to  the  ash-constituents  supplied  to  it  in  the  manure.    (  Op.  c 

The  logical  consequence  of  the  opinions  thus  formed,  was  to  re 
stituents  as  the  essentially,  if  not  the  only,  effective  portion  of  manui 
It  was  insisted  upon  as  a  point  of  especial  importance  for  the  pract 
deceive  himself  concerning  the  cause  of  the  efficacy  of  manures  (Op. 
this  respect  the  ash-constituents  were  compured  by  Liebig  to  the  qn 
bark,  the  iodine  of  burnt  sponge,  or  the  active  principles  of  opium 
Consequently,  the  ash-conntituents  of  manure  were  the  materials  w 
his  view,  it  was  essential  for  the  farmer  to  supply  to  land  artificially,  i 
the  amount  of  produce.     {Op.  cit.  p.  203,  211.) 

The  fundamental  principle  of  rational  culture,  according  to  th 
rostomtionof  the  ash-constituents  removed  from  the  land;  and  v 
were  made  by  applying  excreta,  or  ashes,  or  bones,  was  re( 
iiidiffprence  {Op.  cit.  p.  187).  The  particular  kind  of  ash-con 
manure,  was  to  depend  upon  the  kind  of  produce  required ;  all 
of  substances  analaguus  to  starch  :  phosphates  for  the  product! 
stancTS  {Op.  cit.  pp.  193,  142,  144,  148).  By  the  exact  detern 
of  ash  in  cultivated  plants,  and  by  the  analysis  of  the  ashes, 
substances  removed  from  land  by  crops  was  to  be  ascertained, 
to  be  enabled  to  keep  a  debtor  and  creditor  account,  for  each  of  I 
ash-constituents  removed  from  the  land,  year  b^  year ;  and  to  d 
the  kind  and  quantity  of  the  crops  raised  upon  it,  what  substano 
of  them  were  to  be  returned  to  the  land,  in  order  to  restore  i 
fertility,  or  to  be  able  to  express  exactly  how  many  pounds  of  o 
was  to  he  supplied  to  the  land  in  order  to  augment  the  amount 
pp.  213,  214.) 

Extending  this  view  of  the  chemistry  of  plant-nutrition  to  the  ei 
operations  of  the  farm,  the  practices  of  rotation,  &llow,  &c  ,  Li  e 
bis  attention  upon  that  particular  aspect  of  the  chemistiy  of  agric 
constituents  of  plants,  soils,  and  manure  are  concerned,  ascribed  tl 
renderinf^  land  again  capable  of  supporting  the  growth  of  com,  sc 
the  ash-constituents  requisite  for  that  crop,  by  the  decomposition  oj 
land  during  the  interval  of  fallow  {Op.  cit.  pp.  118,  130-133). 
of  burnt  lime  and  burnt  clay  on  some  soils,  was  ascribed  to  th< 
He  represented  the  advantages  of  rotation  of  crops  as  being,  t 
the  production  of  humus  in  the  soil,  but  chiefly  to  the  un 
the  diflerent  alternating  crops  for  particular  ash-constituents, 
accumulation,  during  the  greater  part  of  the  period  of  rotation,  ol 
preHeuL  in  least  available  amount  in  the  soi^  and  requisite  for  t 
m  larger  amount  than  for  the  growth  of  the  intervening  crops. 
169,  172;  Berzelius— 1844— JaArr*VrtcA/,  xxiv.  333.J 

This  theory  of  the  chemistry  of  agriculture  was  applieo  by  Liebig 
of  artificial  manure ;  and  a  patent  was  obtained  by  M  usprat  t  for  the 
fact  lire,  as  a  communication  fn>m  Liebig  {Improvements  in  the  ManuJ 
1845.  Specification  No.  10,616).  These  artificial  manures  were  inte 
the  land  exactly  what  was  wanting  for  the  growth  of  any  p:irticular 
eflfect  an  economy  which  would  be  impossible  while  manure. was  a 
nately  — the  useful  and  the  unnecessary  constituents  together.  But  the 
which  these  artificial  manures  wen»  to  secure,  were  to  render  the  roti 
fallowing  unnecessary  and  superfluous,  and  to  admit  of  one  and 
crop  Immuc  Rrovrn,  year  after  year,  upon  the  same  field — of  a  pen 
without  the  ueee»^ity  either  of  fallow  or  of  a  rotation  of  cn»p»,  which 
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MECONIC   ACID. 

oWed,  under  TariouB  dzcamstancefl, 

CH*0'     -     CO*  +  C«H«0 

Meconic  Coroen 

add.  acid. 

undergoing  ftirther  trsniibrmation 
10^,  carbonic  anhydride  is  given  o: 
nperatorea,  the  comenic  acia  is  fuii 
pyromeconic  acid,  C*HH)*,  partly  i 
arcoaL— 2.  When  meconic  acid  is 
inown  colouring  matter  being  also  ] 
'orine  or  bromine^  in  presence  of  wate 
-  or  bromo-comenic  acid. — 4.  By  bo 
fing  then  converted  into  eomenami 
eby  carbonic  anhydride  is  given 

Bsily  oxidised  by  nUrie  acid,  yieldi 
;h  strong  caustic  potash  also,  it  yie 
ad  a  brown  substance. — "Bj  chlorid 
eoone,  C'H*!*©*.  [?  impure  iodofor 
ion  of  meconic  add  is  coloured  d» 
royed  by  boiling,  or  by  the  action  of 
conic  add  is  tribsdc,  and  forms  thn 
Add. 


Jlic.  dimeuiilc 

0'  C'H«MK)» 

lates  are  neutral  to  vegetable  coloun 
mmoniu m. — The  tri-ammonic  salt 
Tystallises  in  slender  needles.  On 
nmonic  salt,  (rH"(NH*)0'.H»0,  se] 
!old  water. 

Barium, — The  diharytie  salt  is  i 
trms,  with  solutions  of  the  alkaline  m 
eous  meconic  add  forms  with  bary 
isisting  of  tribaryiie  meconate, 

lie  turn. — The  numocalcic  salt^  C'*E 
n  from  aqueous  meconic  acid,  and  t 
lates.— The  dicalric  salt,  C'H«Ca''0' 
),  on  adding  chloride  of  calcium  tc 
aia. 

ipper. — The  monocupric  salt  is  ol 
meconic  add  to  a  solution  of  cupric 
mtity  of  pyromeconic  add.  Meooi 
^tate  with  cupric  acetate. 
ran. — a.  The  ferrous  salt  is  very  sol 
ad  more  quickly  when  mixed  with  n 
luble  meconates  added  to  ferric  salt 
i,  without  predpitation,  even  when  tl 
ic  suljphate  is  treated  with  meconat< 
predpitate  is  formed  after  a  while, 
ohol,  easUy  in  boiling  water  and  in 
potash,  ferric  oxide  is  predpitated,  i 
;  if  hydrochloric  add  be  then  add 
reappears,  but  is  again  destroyed  by ' 
driea  in  the  air  at  ordinary  tempera 
e  found  in  five  samples  of  it,  dried  f 
'6  hydroj^n,  3'4  to  3*5  nitrogen,  ai 
>f  meconic  add  and  ferric  chloride  ii 
cold  water  are  predpitated.  Sten 
i  26*3  to  25*9  per  cent  carbon,  17  t 

ad.— The  ii«</ro/«i/<,C"H«PbH)»«.: 
e  of  lead  with  meconic  add,  even 
in  boiling  water. 
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oold  oonoeotrated  mine  aad,  the  Bolntioii  ginnff  off  red  fames 
diluting  ^th  water,  bulky  aystale  separate,  which  may  be  obtaii 
and  redystallisation  from  boiling  alconoL 

Nitromeconin  forms  white  needles  and  prisms,  melting  at  16 
liquid,  which  solidifies  in  the  ciystallinA  form  on  cooling.  It 
8{)aringl7  in  cold,  somewhat  more  freely  in  boiling  water  ;  it  is  inso] 
mdd^  but  dissolTM  in  cold  strong  nitric  acid,  separating  in  flocks 
diluted.  In  cold  ammonia  and  potash,  it  is  not  more  soluble  than 
precipitated  by  metallic  salts.    It  dissolves  in  boilinff  alcohol  and  i 

Heated  in  small  quantities  on  platinum-foil,  it  Tolatilises  almoi 
ntion,  leaving  only  a  small  quantity  of  charcoal ;  but,  if  heatec 
decomposes  suddenly,  and  leaves  a  large  quantity  of  porous  ehi 
ammonia  or  potash,  it  forms,  without  decomposition,  a  yellow  solui 
deposit  anything  on  cooling  or  on  addition  of  acids. 

MBOOVZUM.  A  substance  occurring  in  the  intestinal  cam 
voided  soon  after  birtii :  it  consiuts,  in  fiict,  of  the  bile  of  the  fostui 
poured  into  the  intestines,  and  has  there  undergone  a  certain  ai 
It  is  a  pitchy  substance,  of  a  dark  brown-yellow  colour,  and  the  o 
Its  odour  is  for  tJie  most  part  £unt,  and  only  occasionally  unpleasi 
and  slightly  sweet  It  stainn  linen  permanently  yellow.  In  wat 
bulky  mass,  in  which  the  microscope  shows  epithelium-cells,  f 
probably  consisting  of  decolorised  blood-corpuscles,  and  a  consi 
rhombic  tablets  of  cholesterin.  According  to  Simon,  dried  meoon 
cholesterin,  10*4  extractive  matter  and  bile-reein,  34  casein,  6  pL 
26  cells,  mucus,  and  perhaps  albumin  ( «  96*4).  The  cholesterin  if 
the  extractive  matter  and  bile-resin  by  alcohol.  Aqueous  alcohol 
toffether  with  picromel ;  the  biliverdin  may  be  dissolved  out  by  alo 
stuphuric  acid. 

According  to  John  Davy,  meconium  contains  72*7  pts.  of  wat 
epitheUum-ceUs,  7*0  cholesterin  and  maigarin,  and  30  olein  ai 
matters. 

When  burnt,  it  leaves  an  ash  consisting  chiefly  of  ferric  oxide 
traces  of  calcic  phosphate  and  sodic  chloride.  According  to  Payen, 
salt,  alkaline  carbonate  and  calcic  phosphate.    (Handw.  d.  Chem. 

MB]>ZCACM>  SATZVA.  Lucsm, — The  composition  of  the 
determined  by  Way  and  Ogston,  is  given  under  Foddbb  (ii  680). 

MBBZCZJrXBXt  OZ&  OV.  This  oil,  obtained  by  expressioi 
Jatropha  Curcas,  is  white,  scentless,  has  a  density  of  0*91  at  19^ 
buttery  mass  at  —  8°.  It  is  nearly  insoluble  in  alcohol,  has  a  sweet 
very  little  on  exposure  to  the  air.  It  is  not  easily  saponified 
easily  converts  it  into  a  hard  white  soap,  containing  oleic  and  is( 
acid  converts  the  oil  into  suberic  acid :  pemitric  oxide  does  not  so 
When  heated  with  ammonia,  in  a  sealed  tube,  it  is  converted  into 

MJUMUZTa.    Calcio-uranic  sulphate,  occurring  near  Adr 

PHATBS.) 

MB»ir&&ZO  AOZB.  C"H*H)'.^A  fatty  acid  produced,  tog 
palmitic  acids,  by  the  saponification  of  beef-marrow.  It  forms 
acid  mixture  thus  obtained^  Melting  point  72*6°.  (Eylerts.  Arch.] 

T/mDUJt^SMm  A  name  applied  by  Braconnot  to  cellulose  obi 
or  medulla  of  certain  plants. 

MUXSCKAIFIII.  (Sea-fonm  :  from  itx  appHrrnt  lightness 
A  hydrated  silicate  of  magnesium,  2>Ig0.3SiO-.2H^O,  or  Mg=*Si»0 
stratified  earthy  or  alluvial  deposits  on  the  plains  of  Eskihi-sher,  i 
in  Greece,  at  Hrubschits  in  Aloravia,  and  in  Morocco.  It  is  con 
touch,  and  of  fine  earthy  texture.  Hardness  «  2  to  2*6 ;  impressibl 
opaque  and  white,  sometimoH  with  a  greyish,  yellowish,  or  red 
heated  in  a  tube,  it  gives  off  water,  blackens,  and  emits  a  burnt 
blowpipe  on  charcoal  it  burns  white,  and  melts  on  the  thinnest  < 
readily  in  borax  to  a  transparent  glass,  and  exhibits  a  lilac  colour  i 
Hydrochloric  acid  dissolves  it,  with- separation  of  silica. 

Analyses. — 1.  isbyLychnell  (Kongl.  Vetensk.  Acad.  Forhandl 
2.  By  Damour  (Ann.  Ch.  Phys.  [3]  vii.  316): 

810*        MgO        H'O      FeH>i    Al"0>     C«0      KK 

I.Asia  Minor     60*87     27*80     11*29  009  .     .    . 

2.  Morocco      .     55  00    28  00     10*35     1-40     1*20     1 01     0*5S 
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■pherical  and  almond-shaped  nodnlet  of  calcspar,  seolitM,  fte 
the  Alps,  especially  in  the  Fassa  valley,  and  near  Elansen,  in 
Lower  Rhine,  on  the  Fichtelgebirge ;  at  Friedrischrode,  in  the 
at  Holmestrand,  in  South  Norway. 

BKB&ASSZC  ACZB.  A  black  acid,  produced,  together  wj 
by  heating  glucose  with  canstic  alkalis.  When  glnoose  is  mel 
saturated  solution  of  baryta  is  added,  a  very  violent  action  tak< 
the  first  instance  to  the  formation  of  gludc  add ;  but  if  the  m 
■some  time  to  a  high  temperature,  it  ^oomes  continually  dark 
tquence  of  the  formation  of  melassic  acid.  On  dissolving  the 
tvecipitating  by  hydrochloric  acid,  melassic  acid  is  deposited  ii 
in  water,  but  soluble  in  alcohol.  It  contains,  according  to  ] 
to  61*0  per  cent  carbon,  and  6'8  to  6*4  hydrogen.  The  formv 
*61'9  carbon,  4*3  hydrosen,  and  88*8  oxygen,  agrees  with  these 
carbon  is  concerned ;  but  the  amount  oif  hydrogen  found  by  e 
for  it 

MS&BinB.  C^H*.  Partfffin  of  Wax.  (Ettling,  Ann. 
Lewy,  Ann.  Ch.  Phys.  [3]  v.  396.— Brodie,  Ann.  Ch.  Phanr 
stance  honiolopous  with  ethylene,  &c,  produced  by  the  dry  dii 
myricyl  and  of  myricin.  It  may  be  prepared  by  subjecting  bees*- 
treating  the  product  with  potash,  to  saponify  the  fatt^  acid  for 
deoantinfi;  the  soap  from  the  mixture  of  melene  and  oily  hydroc 
this  mixture,  which  then  gives  off,  first,  the  oily  hydrocarbons,  ( 
when  the  heat  is  considerably  increased.  The  product  is  purifl< 
crystallisation  from  boiling  ether.  It  is  generally  necessary,  h 
lising  it,  to  rectify  it  over  caustic  potash,  in  order  to  rf>move  i 
oxygenated  substance  with  which  it  is  still  contaminated. 

Melene  crystallises  in  perfectly  white  nacreous  scales,  inodo 
i9)eciflc  ^Tity  0*89.  It  melto  at  62^^  fBrodie),  at  38-6^(Ettl] 
and  solidifies  in  a  waxy  mass  on  cooling.  Boils  between  37C 
•density,  by  three  experiments,  between  lO'O  and  11 '8:  the  detc 
«Tpr,  rendered  inaccurate  by  partial  decomposition.  It  is  inso 
cold  alcohol,  but  dissolves  in  boiling  alcohol,  and  easily  in  ether, 
and  volatile. 

Melene  is  not  attacked  by  potash  or  soda,  even  at  the  boiling 
does  not  attack  it  at  ordinaiy  temperatures :  but  on  applying  h 
is  carbonised,  while  the  rest  sublimes.  It  is  but  slightly  attackec 
Chlorine  attacks  it,  producing,  under  certain  circumstances,  a  be 
tierable  amount  of  chlorine. 

Related  to  melene  are  the  several  mineral  tallows,  diitinguisl 
hatch/ tin^  ixolyie,  konUite,  ozokerite,  tcheererite,  ^. 

Bnnbava«  aviirailMi  OV«  This  name  was  applied  \ 
Tett«i  residue  obtained,  together  with  others  (called  respective 
xanthine,  xuthrne,  &c.),  by  the  action  of  heat  on  persulphocyanii 
nre  yellow  or  brown  powders  varying  in  composition  according 
applied,  and  are  probably  mere  mixtures.     (See  6m e I  i  n '  s  Ha 

KSZiaTZW.  This  name  is  given  by  W.  Stein  (J.  pr.  Ch 
substance  produced,  together  with  glucose,  b^  the  action  of  add 
stjinee,  according  to  most  authorities,  is  identical  with  quei 
according  to  Stein,  it  differs  from  queroetin,  and  has  the  con 
forms  yellow  cryrtals  which  act  on  polarised  light,  and  reduce  ] 
<See  QuBBCSTiN  and  Rcmr.) 
See  Rutin. 


OPBAVa.  A  mineral  from  the  siroon-syenite  of 
to  leucophane.  The  crystals  are  optically  uniaxial,  but  it  hai 
whether  they  are  dimetric  or  hexagonaL  It  also  occurs  mas 
sometimes  foliated  structure*;  deavable  in  one  direction.  £ 
gravity  o'S'O.  Lustre  vitreous.  Colour,  sulphur-,  dtron-,  < 
phosphorescent  Brittle.  It  contains,  according  to  an  approximi 
44*8  per  cent  silica,  2*2  glndna,  12*4  alumina,  1*4  manganic  o 
81*6  lime,  0*2  magnesia,  2*6  soda,  2*8  fluorine,  and  0*8  nicke 
oxide,  and  yttria. 

m&BZITOam  C**H^".^A  kind  of  sugar  disoovared  j 
,jn  (p.  822)  by  Bonastre,  and  Airther  investigated  br  Berth 
8]  It.  282).    The  extract  of  thia  substance  prepared  with  b( 
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VesiiTiiiB  and  at  Capo  di  Boye,  near  Borne,  in  dimetric  cayst 
cipal  is  to  the  secondary  axes  as  0*6482  :  1.  Obserred 
ooPoo  .  Poo .  ooP2.  Ancle  oP  :  Pco  «  147®  16';  Poo  :  Poo  (o^ 
Poo :  Poo  (over  terminal  edge)  »  184®  48'.  Cleavage  bai 
«6.  Specific  gravity  »2*9  to  3*104.  The  crystals  are  brown  < 
Instre,  generally  translucent,  sometimes  opaque.  Fracture  oond 
fore  the  blowpipe  it  fuses  with  difficulty  to  a  yellowish  or  bl 
fluxes,  the  reactions  of  iron  and  silica.  Gfelatinises  with  acids. 
Analyses. — a.  BumboldtUite,  from  Somma,  by  Eobell  (Se)m 
same  by  D amour  (Ann.  Ch.  Phys.  [3]  x.  69). — c,  cL  Mdiili 
by  D  a  m  o  u  r  {loc.  cit.). 


SIO" 

Al-0« 

F«V)» 

FcO 

CaO 

MgO 

Na«0 

a. 

43*96 

11*20 

. 

2*82 

31*96 

610 

4*28 

b. 

40-60 

10*88 

4*43 

,     , 

81*81 

4*64 

4*43 

e. 

39-27 

6*42 

1017 

•     • 

82*47 

6*44 

1*96 

d. 

38*34 

8-61 

10*02 

, 

82*06 

6*71 

2*12 

These  analyses  may  be  approximately  represented  by  the 
+  2(A120> ;  Fe^0*).3SipS  which  is  that  of  an  orthosilicate,  tl 
replaced  by  magnesium,  sodium,  and  potassium. 

Massive  Gehtenite^  which  contains,  according  to  Eobell  ( 
39-80  percent  silica,  12*80  alumina,  2*67  ferric  oxide,  37'64  lii 
potash,  and  200  water,  may  be  included  in  the  same  general  fc 

Sof/ieroillite,  occurring  on  Vesuvius  in  dull  yellow  crystals,  ] 
species.    (Descloizeaux.) 

MSZi&zaKZBa.    Syn.  with  Melutimidb. 

MBXililTAMIO  ACZB.    See  MsLLmc  Acm,  Amidbs  of 

MBXAXTSv  or  Honeystone, — Native  mellitate  of  aluminiui 

WKMlOJTTMXDm*    See  Mklutic  acid,  Amidbs  of. 

mumc  AczB.  c'*H«o»*  -  (C*^)**  |  q.^  3^^^  ^^^ 

steintaure,  (Gm.  x.  I.— ^erh.  iil  822. — Bayer,  Ann.  Ch.  I 
This  acid,  which  was  discovered  by  Klaproth  in  1799,  occurs  as  i 
in  honeystone  or  mellite,  which  is  the  only  known  source  of  it 
by  Hun  efeld  (Schw.  J.,  xlix.  216),  that  it  may  be  produced  I 
hot  hydrochloric  acid ;  but  it  has  not  been  confirmed. 

To  prepare  it,  powdered  honeystone  is  treated  with  solution  < 
nium,  the  liquid  is  boiled  till  the  excess  of  the  ammonium-M 
ammonia  is  added  to  precipitate  any  alumina  that  may  have  be^ 
is  filtered  and  evaporated  Ull  neutral  mellitate  of  ammonium  cr 
salt  is  purified  by  recrystallisation  from  water,  a  small  quan 
each  time  added,  to  reconvert  the  acid  salt  produced  by  evapor 
into  the  crystallisable  neutral  salt  The  purified  ammoniacied  i 
in  water ;  the  solution  precipitated  with  acetate  of  lead  ornitrat 
precipitate  decomposed  by  Sulphydric  add  if  it  contains  lead,  ox 
if  it  contains  silver;  and  the  jiQnid  filtered  and  evaporated, 
hydrochloric  add  is  expelled.     (Wohler,  Ann.  Ch.  Pharm.  xx; 

The  lead-predpitate  contains  ammonia,  which  is  transferred  1 
Either,  therefore,  the  add  must  be  re-predpitated  with  acetate  o 
which  still  contains  a  small  quantity  of  ammonia^  washed  and  a 
sulphydric  acid;  and  the  add  thus  liberated  predpitated  a  third 
add,  in  order  to  obtain  a  predpitate  free  from  ammonia,  and  then( 
add  by  sulphydric  add ; — or  tne  ammonium-salt  must  be  boiled 
water ;  the  resulting  barium-salt  decomposed  by  digestion  with 
the  liquid  filtered  and  evaporated  till  it  crystalUses;  and  tl 
adhering  sulphuric  add  bv  recrystallisation.     (Erdmann  anc 

To  prepare  colourless  mellitic  add  from  the  brown  add  mother 
preparaUon  of  mellitate  of  ammonium,  the  colouring  matter  nu 
chloride  of  barium ;  the  mellitate  of  barium  thrown  down  fr 
monia,  or  by  boiling  with  acetate  of  ammonium,  and  converted  ii 
nium  bydiffestion  with  carbonate  of  ammonium ; — or  the  brown 
predpitated  by  a  strong  solution  of  sulphate  of  copper,  and  the 
of  copper  decomposed  by  sulphydrate  of  ammonium. — In  prec 
ammonium-salt  by  nitrate  of  silver,  it  is  necessary  to  drop  th< 
cess  of  the  latter ;  otherwise  the  predpitate  wiU  retain  ammonia 
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I  it  was  formed  were  very  dilute,  in  needles.    Mellitic  a 
forme,  after  a  few  eeconde,  a  precipitate  compon 

lieo/CalciuviiB  obtained  on  mixing  mellitate  of  ami 
,  aa  an  amorphoae  precipitate,  which  soon  becomes  < 
to  lime-water  throws  down  white  flocks  soluble  in  hyd 
ite  of  Cobalt,  C»»(Co")K)»».18HH),  dystallises  fron 
icroscopic  prisms. 
itesof  Copper.— The  neutral  salt,  C»«(Cu'[)»0".12ff 

>  precipitate,  becoming  crystalline  after  a  while,  on  mij 
acid  and  cupric  acetate.     On  mixing  cold  solutions 

tate,  there  is  deposited  an  acid  salt,  C^H'CCu")*©' 

ystalline.     On  adding  a  solution  of  cupric  sulphate  to 

I,  a  crystalline  precipitate  is  formed  consisting  of  amm 

Cu")H)".12H«0. 

ate  6  of  Iron, — The  ferric  salt  is  a  cream-coloured  p 

ic  acid. — Ferrous  salts.    Mellitate  of  ammonium  forms 

-white  precipitate,  which  redissolves  when  the  liquid 

>  temperature  to  the  boiling  point,  a  basic  salt,  3Fe"0j 
d  in  micrrjscopic  cubo-octahedrons  of  a  lemon-yellow  cc 
water,  easily  soluble  in  hydrochloric  acid ;  assuming  i 

and  giving  off  all  their  water  of  crystallisation  at  19 
ate  of  Lead,  C'«(Pb''?0"  ^at  ISO®).— Bulky  white  j 
;  obtained  by  adding  the  acia  or  the  ammonium-salt  i 

ate  of  Magnesium.    C'«(Mgf')H)»M8H«0.— Precipi 

nagnesium  to  a  hot  aqueous  solution  of  mellitic  acid,  as 

nine  mass  on  cooling. 

ate  of  Manganese,     C"(Mn'')*0»M8H«0.— Obtain 

rder,  composed  of  microscopic  needles;  more  soluble  ii 

ch  dissolves  only  ^\^  of  it. 

ates  of  Mercury.— The  mercuric  salt,  C*\B:^*0* 

s  a  white  granular  mass  by  triturating  mercuric  oxii 

II  quantity  of  water,  or  by  precipitating  an  alkaline  me 

xmrous  salt,  C»«(Hg«)»0'*.6HH)  (at  100®),  is  also  obtai 
granular  precipitate,  very  soluble  in  nitnc  add,  beoomiE 
ate  of  Nickel,  C"(NiTO'«.24HK).— When  a  hot  sol 
d  with  carbonate  of  nickel,  a  green  semi-fluid  mass  sepi 
les  vitreous  in  contact  with  the  air.  This  salt  is  ver 
f  freely  in  dilute  hydrochloric  and  nitric  acids.  It  gi^ 
100*=*,  and  the  rest  at  SOO*'. 

ates  of  Palladium. — Mellitic  add  is  perfectly  neu 
;  but  the  liquid  does  not  yield  any  crystals,  even  whc 
;  on  evaporation  to  drjmess,  it  leaves  a  brown  amorphous 

This  salt  dissolves  in  ammonia,  iorming  a  colourless  li 
leposits  colourless  rhombic  crystals,  often  macled  in  1 

12NH>.C'«(Pd')«0'».6H''0.  The  whole  of  the  water  i 
ith  a  small  quantity  of  ammonia.  (Karmrodt,  Ann.  CI 
e  of  Palladium  and  Potassium  crystallises  from  the  mix 
i  to  a  syrup,  in  nodular  groups  of  indistinct  prisms.  A 
It  crystallises  in  macled  triangular  pyramids  containii;^ 
^armrodt.) 

ttes  of  Potassium.— The  neutral  salt,  C'«K«0".9ff 
rystals,  isomorphous  with  the  neutral  ammonium-salt  i 
.  ooP  .  oofco  .Poo  .too.    Angle  ooP  :  ooP  -  114®; 

160«;   ooP  :  <xPoo  »  V2Z^  nearly. 
i,  C"H»K«0".6H«0.— A  hot  solution  of  1  at  of  the  n 
id  yields  this  salt  on  cooling  in  large  transparent  right 
Ated  on  the  hUeial  and  terminal  edges.    It  is  more  m. 
[salt. 

rand  of  acid  mellitate  and  nitrate  of  potamum,  4C**H': 
)y  treating  the  preceding  salt  with  nitric  add,  or  by  mi 
f  neutral  potassic  mellitate  with  nitric  add,  as  long  i 
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^6/  '^   *  ""^  ^^  6*^*^  ^"  ammoniSf  ana  ui( 

iding  nearly  with  the  formula  of  argento-pa 
id. — This  name  is  given  by  Schwars  to  a  whi 
tpping  an  ammoniacal  solution  of  paramide  in 
ible  in  boiling  water,  and  gives  with  sine  the : 
solution  is  converted  by  boiling  into  melUtate 
79°)  47*26  per  cent,  carbon,  2*16  hydrogen,  an< 
ipprozimately  represented  by  the  formula  C**I 

D  AWHTBSZBB.  C*K)*.0*.— This  is  pio 
ance,  insoluble  in  water  and  in  alkalis,  produc 
lellitic  acid,  and  treating  the  product  with  wat 

0  STMBSS.  Ethyl-mellUic  acid,  C*'H*(C 
c  acid  for  a  considerable  time  with  alcohol 

1  baryta-water,  leaving  the  liquid  to  stand  for  m 
a  may  be  precipitated  as  carbonate,  then  filtei 
carbonate  of  barium,  a  solution  of  ethyl-mellita 
aporated  in  a  vacuum  over  sulphuric  acid,  leavei 
rery  soluble  in  water,  and  rotating  on  the  surfi 
;  is  partly  decomposed  by  drying  at  100°.  It 
netaUic  salts.  (Erdmann  and  Marchand, . 
lUaU  of  Eihyl,  C  *(C^H*)«0'«,  is  obtained,  accoi 
limpriekfa  Lehrb,  d.  org,  Chemie,  p.  1095),  ai 
e  of  ethyl  on  mellitate  of  silver.  iLraut  (Jah 
obtained  the  neutral  meUitatea  of  methyl,  ethyl, 
H.  Muller  (KekMs  Lehrb,  d.  ora.  Chem.  p.  ^ 
1  by  the  action  of  chloride  of  mellityl  on  the 
ither  thus  obtained  was  crystallised ;  the  ethyli 
o  Limpricht  and  Scheibler,  mellitate  of  eth 
lediately  produces  a  crystalline  precipitate 
I,  and  the  solution,  when  evaporated,  yields 

^'  Jn. 


•9rho- 


r&,  CH&O&ZSa  or.    (C"0*^^.C1*.— Obtai 
d  oxychloride  of  phosphorus,  by  heating  melliti 
It  is  a  crystaUine  non-volatile  solid,  which 
ohoU,  mellitic  ethers ;  and  with  mellitic  acid, 
U.) 

m  (Liebig,  Ann.  Ch.  Phann.  x.  4 ;  zzx.  141 
5.— L.  Gmelin,  iM.  xv.  262.— Volckel 
erhardt,  Compt  Chim.  1846,  p.  24,  and 
rent  and  Qerhardt^  Ann.  Ch.  Phys.  [3] 
le  action  of  heat  on  various  cyanogen-compoui 
amine,  melam,  ammeline^  ammelide,  and  chl 
y  the  formula  C^*  or  CN";  but  according  to  tl 
ent  and  Oerhardt,  the  substance  thus  prod 
ler  centX  and  may  be  represented  by  the  rorm 
>le  by  metals.  Ger  h  ar  dt  designated  this  hydrat 

by  the  name  hydromellone  or  hydrome 
lone  for  the  non-hydrogenous  compound,  wb 
'  heating  mellonide  of  mercuiy. 
hydromeUone,  heated  with  potassium  or  with 
potassium,  yields  mellonide  of  potassium, 
compound  of  potassium  with  mellone,  CN^E  o 
le  other  hand,  assigning  to  hydromellone  the  fo 
of  potassium  is  product  by  the  substitution  g 
C^HK'.  L  i  e  b  i  ^,  by  later  experiments  (An: 
e  conclusion  that  his  original  formula  of  mdl 
Lhat  the  true  formula  of  the  neutral  mellonide  i 
of  Hydromellone  or  Crude  MeUone, — ^liebig 
ing  dried  psendosulphocyanosen  to  low  redneei 
phocyanate  of  potassium  and  diy  chloride  ol 
ind  dissolving  out  the  chlorides  of  potassiun 
BT.    According  to  Hennebeig,  it  ia  beet  to  heai 

in  an  open  porcelain  bann,  and  afterwards 
LBe,  if  it  be  heated  in  a  retort,  the  sulphur  whic 
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Aooording  to  liebig,  pure  mellone  or  tricyanuraiiiide  maj 
ing  mellone  of  mercuiy  till  the  evolved  mixture  of  cgranof 


ing  meuomae  oi  mercury  uu  in« 
three-fourtha  absorbed  bjr  potash. 


liree-fourtfts  absoroea  mr  poiasn. 

Dccampontions, — 1.  Mellone  heated  in  a  doeed  vessel  is  gn 
Bolved  into  a  mixture  of  1  vol.  nitrogen  gas  and  3  voL  cjrano( 
(W*     -     8CN  +  N. 
According  toVdlckel,iti8  resolved  hereby  into  nitrogen,  ( 

C»N»H«     -     8CNH  +   3CN  +  N' 

When  mellone  obtained  from  ammelide  or  chlorocyanami< 
disuppears  completely,  giving  off  vapours  which  smell  of  ai 
acid,  and  deposit  first  a  red,  then  a  yellow,  and  lastly  a  re< 
Mublimute  gives  off  ammonia  when  trntted  with  potash,  andpz 
The  gaseous  mixture  evolved  at  the  same  time  contains  a  gai 
sorbed  by  hydrochloric  acid,  another  ((^nogen)  which  is  a1 
non-absorbable  gas  (nitrogen),  the  relative  quantities  of  the 
ning  of  the  experiment  ^9  :  61  :  40,  and  at  the  end  « 10  : 2 
Gerhardt) 

2.  Mellone  heated  in  d^  chlorine  gas  forms  a  white  vol 
powerful  odour,  and  attackmg  the  eyes  very  strongly. — 3.  M 
in  boiling  nitriv  aeid^  continually  ^ving  off  a  gas  which  contj 
oxide,  and  is  resolved  into  ammonia  and  cyanylic  acid  (ii  S 
long  needles : 

C»N*  +  3H«0    -    (W«HK)"  +  NH«.    (] 
Or, 

C^'H"  +  6H«0     «  2(?N»HH)«  +3NH".  (Laureni 

4.  Mellone  dissolves  in  strong  sulphvric  acid^  with  evolution 
to  the  solution  throws  down  a  white  substance  different  from 

5.  Crude  mellone  heated  with  potassium,  or  with  iodide,  i 
of  potassium^  is  converted  into  mellonide  of  potassium. 

6.  With  a  cold  solution  of  caustic  potash,  it  forms  me]loni< 
the  boiling  heat  is  converted,  with  evolution  of  ammonia  an 
into  eyamelurate  of  potassium  (ii.  187): 

2C*N"K«  +   9H«0     -     8NH»  +   CWH»0«  +  2CT 

Mellonide  of  Ammelide.         Cyame 

poUMium.  pou 

L&OSTBTBXZC  ACZB.    See  the  next  article. 


C«N*M",  according  to  Gerhardt ;  OV 
Litest  experiments  (Ann.  Ch.  Pharm.  xcv.  257).  Mellonide ' 
as  already  observed,  by  the  action  of  potassium,  or  of  iodide, 
of  potassium,  on  crude  mellone.  This  and  the  cozrespondinfl 
monium  are  soluble  in  water ;  the  other  mellonides  are  insol 
and  are  obtained  by  precipitation.  The  sodium-  and  ammon 
decomposing  melloniae  of  barium  with  carbonate  of  sodium  o 

Mellonide  of  Ammonium  cry etaHiBeB  in  needles  lil 
contains  water  of  crystallisation. 

Mellonide  of  Barium  is  obtained  b^  treating  the  solui 
with  chloride  of  barium,  as  a  white  precipitate  which  dissoh 
boiling  water.  The  saturated  solution  deposits  the  salt  i 
needles  containing  20*87  per  cent  water  of  aystallisatioi 
1200. 

Mellonide  of  Calcium,  obtained  in  like  manner,  is  moi 
than  the  barium-salt  The  crystals  contain  18*06  par  cent  i 
at  120«>. 

The  following  are  obtained  as  precipitates:  mellonide  of  ca 
bluish-white;  cobalt,  peach- blossom-coloured ;  copper^  pant 
yellow. 

Mellonide  of  Hydrogen,  Mellonhydric  or  Hydromel 
mixing  a  warm  solution  of  mercuric  chloride  with  mellonide  of 
dazzling  white  precipitate  of  mellonide  of  mercury  is  obtain 
diMsolves  in  dilute  hydrocyanic  acid,  even  in  the  cold.  Sulph 
this  solution  throws  down  all  the  mercury  in  the  form  of  sulp] 
th«^  hydrocyanic  acid  by  a  gentle  heat,  there  remains  an  aque 
luiiic  acid,  which  has  a  strong  acid  tatfto  and  reaction,  mix 
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ed  with  weights.  The  mass,  when  diy,  is  again  di 
same  prooees  repeated.  At  the  third  crystallisation,  the 
I  a  small  quantity  of  alcohol,  till  a  faint  transient  tnrbi 

crystalline  magma  which  settles  down  is  washed  witl 
or  has  drained  oS,  till  a  drop  of  the  liquid  which 
uichloride  of  iron,  and  therefore  no  longer  contains  sal| 
The  chloride  of  antimony  nsed  in  this  process  may, 
laced  by  chloride  of  bUmuth,  This  compound  is  prepaz 
r  commercial  bismuth,  heated  in  a  tabe  of  hard  glass,  whi 
ds  at  one  end,  then  again  downwards,  and  lies  horizontal 

chloride  of  bismnth,  which  distils  over,  is  porified  i 
■a\ti  by  rectification  in  the  same  apparatos.  Before  beinj 
verised  while  still  hot  after  solidification,  and  the  p 
^>hocyanide.  The  proportions  nsed  are  1  pt.  of  biBmutn 
nate  of  potassium ;  with  a  larser  proportion  of  the  fon 
>.  From  Melam. — 8  pts.  of  snlphocyanate  of  potassiun 
lam,  preTiously  slightly  ignited,  and  added  in  succesi 
iperature  must  not  be  allowed  to  rise  too  high ;  if  the  gi 

melted  mass  do  not  bum  with  a  blue  flame  (sulphide  o 
>ur,  indicating  the  formation  of  cyanogen,  the  heat  must 
i'ure  mellonide  of  potassium  forms  iwft,  white,  rezy  i 
ring  a  silky  lustre,  and  scarcely  distinguishable  in  ap 
nine. — 1  pt.  of  the  salt  dissolyes  in  37'4  pts.  of  water  at 
i  much  smaller  quantity  of  hot  water :  it  is  insoluble  ii 
Iculty,  even  from  a  solution  saturated  while  warm,  but  ^ 
obol.  Its  solubility  in  cold  water  is  greatly  diminisbi 
Ls.  A  warm  saturated  solution,  which  would  stand  for 
stallising,  iuHtantly  deposits  crystals  on  addition  of  i 
phocyanate  of  potassium. — ^The  aqueous  solution  taste 
nine.  In  doses  of  a  drachm,  the  salt  exhibits  no  deci 
mals,  none  at  least  which  would  distinguish  it  from  otl 
stals  heated  to  200°  give  off  1806  per  cent  ^6  at.)  wat< 
The  composition  of  the  anhydrous  and  crystallised  salts, 
en  in  the  following  table : — 

JnM^tms.  LleMf.  Cryi 


1080  26-60 .  .  2612 
}J'»  .  .  1820  44-66.  .44-88 
t».        .        .     117-6    28-86.  .28-72 


407-6  100-00     99-22 


6H«0    . 


C»N"K».6H«< 


rhe  dried  salt  burnt  in  a  stream  of  oxygen  yielded  only  € 
Eontained  1  at  hydrogen  to  2  at.  potassium,  aooordu 
i^E*,  it  should  have  yielded  2*19  per  cent  water;  it  i 
t  the  salt  does  not  contain  hydrogen. 
Neutral  melionidn  of  potassium,  boiled  with  hydrochlori( 
oride  of  potassium,  and  cyanuric  acid.  Boiled  with  ni 
1  By  continued  boiling  with  potash,  it  gires  off  amm 
lide  and  cyameluric  add,  then  melanuric  acid,  and  finall 
I  SoluhU  Acid  salt  C^'«HK«.3HK).— Obtained  by  i 
ation  of  the  neutral  salt  with  an  equal  volume  of  strong 
in  this  mixture  in  oblique  rhombic  laminae,  which  efflore 
ken  boiled  with  water,  it  is  resolved  into  the  neutral 
1  salt  h.    The  crystals,  after  drying  in  the  air,  give  off 

12-73  per  cent).  The  salt,  dried  at  160®,  gave  b; 
bon,  0-43  hydrogen,  and  21-13  potassium ;  the  formula' 
bon,  49*28  nitroeen,  0*27  hydrogen,  and  21-22  potassium. 
'.  InsolvhU  Acid  soli.  C»N'«H*K.— This  salt  separates  in 
npitate,  on  pouring  a  moderately  dilute  solution  of  neni 
>  warm  dilute  hydr^hloric  acid.  It  is  insoluble  in  cold  and 
er ;  the  solution  has  a  strong  acid  reaction ;  easily  solub 
potassium.  It  gave  by  analysis  31*97  per  cent  carbon, 
usium;  the  formula  requiring  32-61  per  cent  carbon,  64- 

11*84  potassium. 

Mellonide  of  Silrer^  (W"Ag*,  is  obtained  as  a  wh 
ing  solution  of  neutral  mellonide  of  potassium  with  nit 
)rdiog  to  the  mean  of  Liebig's  analyse?,   17*48  per  c 


Digitized  by 


Google 


Digitized  by 


Google 


SE— MENTB 

ctance ;  and  the 
le  in  Uie  cnystal 

1  may  be  diwolrec 
yields  crystala  of 
ims  terminated  bj 
higher  temperatn 
It  soluble  in  aiooi 
[mean  of  foor  an 
3  oxygen;  wheno 

lilute  <uid8.  Hoi 
substance. 
es  in  jprismatic  n 
ahydnde.  It  mc 
B  off  snlphydric  a< 
9  composition  as  m 
h  condense  like  e 
in  ether^  easily  a 
lont  neutralising  1 
r,  Ann.  Ch.  Phan 
9n  produced  by  tl 
ppenheim),on  n 
e  products  of  the 
enheim).     To  ] 

2  anhydride  is  a< 
I  distilled,  and  th< 
c  anhydride, 
mobile  liquid,  ha 
)ecific  gravity  «  ( 
[t  is  insoluble  in  ^ 
\er^  a  clear  mixtui 
mnV,  very  easily 
^ed  by  potassim 
converts  it  into 
«tfM  it  forms  subsi 
ne  acts  very  viole 
rming  a  number  ( 
t  by  aiop  to  1  at.  n 
reated  with  pot<j 

-     KBr  +  H«< 

roduoed  by  the  ad 
^reat  violence,  hj 
a  yellow  colour,  a 
yellow  finrmpy  li 
/cohol  and  woatUti 
id  colours  it  deep 


> 


Mt-nthylie 

Ml,  (L.  Gmelin 
llanchet  and  8 
xvi.  418. — ^Laur 
hB  essentia]  oil  o 
iperatures,  deposi 
epoeit  at  tempers 
rom  Japan,  in  sm 
isium,  which  salt : 
le  amount  of  10  U 
peppermint  melts 
);  340  (Walter) 
osition  at  210^^  ( 
I  liBvo-rotatoiy.  [1 

it  imparts  to  that 
hide  of  earbofif  an( 
I  alcoholic  soda-s 


Diqitized  by 


Google 


Digitized  by 


Google 


composition  C^H«0»  -  C«H«K)»>.2C*HK)«.  Menyanthi 
picrm,  which  it  also  resembles  in  many  of  its  properties.     (] 

The  name  menyanthin  has  also  been  applied  to  a  neat 
contained  in  buckbean ;  probably  identical  with  innlin  (p.  27' 

acamr  AirrBO&.  An  oily  body,  obtained  by  distiUinj 
sulphuric  acid.  The  residue  in  the  retort  contains  fermentu 
colourless,  smells  like  bitter  almond  oil;  has  a  faiat  add 
ammoniacal  silrer  solution.    (Kromayer.) 

BKBRO AVT AV8.    Sulphydratee  of  the  aloohol-radidas, 

^2  [  S-    (^^  *^®  seTend  Alcohol-radicles,  e.g,,  Etktl,  m  64 

BOOtC  A9TIBB8.  Compounds  formed  by  the  sabstitutu 
in  the  mercaptans. 

AlOCONI^CAL. 

MSBC  VWUUU8.  The  ash  of  MercurialU  permnia  (tl 
fruit)  has  been  analysed  by  N.  Reitler  (Jahresb.  1860, 
plants  yielded  84*4  per  cent  dry  residue  at  100^.  The  ash  an 
of  the  air-dried  plant,  and  13*09  per  cent,  of  the  plant  drie< 
27- 14  per  cent  CO*,  918  a,  0*98  80",  0*84  SiO«,  2*74  P*0 
6-69  MgQ,  14*35  KK),  6*84  Na<0,  with  a  trace  of  copper  (low 

BOatCUSZC  AanXZBB,  aTBZSB,  A«.     See  Mfs 

VKMMLOUMXUBm  This  term  was  applied  by  the  alchemiRts 
thu8  quicksilver  was  called  Mercurius  eommuntB;  alcohol,  1 
present  it  is  applied  only  to  quicksilver. 

Mercurius  dulcis,    Syn.  with  calomel  (p.  893). 

Mercurius  cinereus  Blaokii^  blfickish-grey  mercurial 
of  mercurous  carbonate  with  Mercurius  soluhilis  Haknemtmn% 
mercurous  nitrate  with  carbonate  of  ammonium* 

Mercurius  cinereus  Moscatifthe  Mercurius  solubili 
of  black  mercurous  oxide,  obtained  by  decomposing  calomc 
soda. 

Mercurius  cinereus  Saunderi.  An  almost  obsolete 
tion  consisting  of  chloride  of  mercurosammonium  (Hg'H*! 
posing  calomel  with  ammoDia.    (See  Mbbcurt-basis,  Ahmoj 

Mercurius  phosphatus  Fuchsii.  An  obsolete  prep 
cipitating  a  solution  of  mercury  in  nitric  acid  with  phosphat 

Mercurius  pracipitatus  alhus.  Hydrargyrum  am 
gjfrum  amido'muriaticum.  Hydrargyrum pnecipitatum  album  . 
hydrargyri  alba,  Lac  mercuriale. —  White  precipitate.  Of  tl 
there  are  two  varieties,  distingaished  as  fusible  and  infu 
sistfl  of  chloride  of  mercurammonium^  Hg'^'N'Cl',  obtained  I 
mercuric  chloride  with  potash,  or  by  dropping  a  solution  of 
flolution  of  sal-ammoniac  mixed  with  ammonia,  as  long  as  tfc 
IS  redissolved ;  the  latter,  of  chloride  qf  dimercurammoniun 
adding  ammonia  to  mercuric  chloride. 

Mercurius  pracipitatus  ruber,  Oxydum  hydrar^ 
olitained  either  bv  oxidising  mercury  in  contact  with  the  air 
heating  it  with  nitric  acid.  The  product  obtained  by  the  fin 
odled  Mercurius  pracipitatus  per  se  (see  p.  907). 

Mercurius  solubilis  Hahnemanni.  Hydrargyn 
Nitrus  ammonicus  cum  oxydo  hydrargyrieo,  Basic  nitrate  c 
MnncuBT-BASBs,  AmfoiciAOix. 

Mercurius  violaceus,  A  form  of  mercuric  sulphide, 
together  6  pts.  meltedflowers  of  sulphur,  6  pts.  mercury,  and  4 
ising  the  cooled  mass,  subUming  it  in  a  flask,  removing  the  up 
ing  of  sal-ammoniac,  and  reeublimin^  the  lower,  heavier  sub 
upper  part  of  the  sublimate,  thus  obtained,  is  usually  light  an< 
and  violet.  The  latter,  after  it  has  been  finely  pounded  ai 
constitutes  Mercurius  violaceus. 

Mercurius  vita.    Powder  of  Algaroth  (ozychloride  of  i 

Mercurius  vivus.    Metallic  mercury. 
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fine  diviflion,  and  the  action  on  the  foreign  metals  is  acoe! 
chloride  of  mercury,  which  collects  between  the  drops, 
the  mercoiy  with  the  iron  solution  for  ten  minutes,  and  thei 
mercuiy,  aner  drying,  is  easily  reunited  by  the  application  ol 
quantity  of  mercuiy  may  be  speedily  purified  by  placing  it  iz 
powdeied  loaf-sugar,  the  mercury  not  occupying  more  than 
of  the  bottle ;  the  bottle  is  then  closed  and  briskly  agitat 
which  the  stopper  is  withdrawn,  and  fresh  air  blown  in 
bellows,  and  the  agitation  is  repeated;  this  is  done  thz 
mercury  is  then  poured  into  a  cone  of  smooth  writing  pap 
apex.  The  metal  then  runs  through,  leaving  the  poun<] 
oxides  of  the  foreign  metals,  and  a  considerable  quantity  of 

Pure  mercury  should  leaye  no  residue  when  dusolyed  in 
ignited ;  or  when  ftised  with  sulphur  and  sublimed  in  a  ( 
run  down  a  gently-indined  surfiice,  it  should  retain  its  i 
tail;  and  when  agitated  in  a  bottle  with  diy  air,  it  should  ] 
Properties. — Mercury  fi^ezes,  acoordinff  to  Hutchins,  at 
siderable  contraction,  and  forming  a  tiD-white,  ductile  mass, 
and  needles,  capable  of  being  cut  with  a  knife,  and  exhibit! 
ordinary  temperatures,  it  forms  a  yeiy  coherent  but  yery  m< 
but  slightly  to  gkss,  and  has  a  density  of  13-6592  (&ar 
13-536  at 26°  (Kupffer),  13*668  (CayendishandBrisso 
13-613  at  l(P  (Biddle),  13-696  at  4°  (Kopp),  13-596  (Be 
heat  see  Hs^t  (p.  30);  rate  of  expansion  (pp.  64-67) ;  late 
Mercury  remains  unaltered  when  agitated  for  any  lengtl 
common  air,  hydrogen,  nitrogen,  nitrous  oxide,  nitric  ox; 
alcohol;  but  any  foreign  metals  that  may  be  mixed  wi 
agitation  in  air  or  oxygen  sas,  [ooducing  a  grey  pulyemlen 
the  foreign  metals  and  fine^  divided  metallic  mercury.  Oi 
tion  with  water,  ether,  or  oil  of  turpentine,  or  by  triturat 
of  antimony,  sugar,  grease,  &c.,  even  in  vacuo,  mercury  is  coi 
JEtkioj^  per  se,  consisting  of  small  globules  of  the  metal, 
tarpoeition  of  foreign  matter,  but  run  together  again  on 
the  ExHnction  or  Deadening  of  Mercury,  In  well  prepare 
the  mercury  forms  nearly  uniform  elobules,  having  a  diame 
a  line,  and  not  distinguishable  by  Uie  naked  eye  (Ehrenb 
deadening  of  mercury  was  formerly  attributed  to  oxidatio 
sprung  (J.  pr.  Chem.  1.  21),  some,  at  least,  of  the  mercury 
is  in  the  state  of  black  oxide  (the  quantity  being  sreater,  Ui* 
this  oxide,  after  the  &t  has  been  extracted  by  ether,  may  I 
slightly  acidulated  with  sulphuric  add. 

Mercuiy  boils,  accordizije  to  Crrchton,  at  346°;  a 
349°;  according  to  Heinrich,  at  356°;  according  to  Dv 
and  is  thereby  converted  into  a  colourless  vapour.  Vai 
mercury,  even  between  +  16 '6°  and  27°  (but  not  at  —  i 
in  spaces  filled  with  air,  as  shown  by  the  silvering  of  gold- 
in  a  vessel  over  mercury  (Faraday,  7°).  According  t< 
Ixxi  245),  mercury  at  temperatures  bebw  0°,  ^ves  off 
out  the  image  on  a  Daguerreotype  plate  held  over  it  Br  ai 
that  sulphur  in  the  veiy  finely  divided  utricular  conditic 
which  it  is  first  predpi fated  from  the  state  of  vapour,  is  a  n 
the  presence  of  mercurial  vapour  than  ffold-leaf.  By  mean 
at  12°  the  vapour  of  mftrcuir  rises  to  a  height  of  more  than 
it  appears  to  have  no  limited  atmosphere — that  it  rises,  at  oi 
amalgams  and  mercurial  ointment — ^that  in  presence  of  i 
diffuses,  according  to  the  same  law  as  other  gases — ^but  1 
iodine-vapour,  and  of  the  vapour  of  iodide  of  mercury  tht 
difiusion  appears  to  be  different.  (For  the  tension  of  mi 
temperatures,  see  Hbat,  pc  94.) 

The  density  of  mercury-vapour,  referred  to  air  as  unity, 
fend.  xlix.  799).  The  theoretical  density  is  100  referre 
veferred  to  air,  as  unity,  the  molecule  of  the  vapour  contai 
1  at.  Hh^  (  -  200). 

According  to  Wiggers  (Pogs.  Ann.  440^  menmiy  is  a 
waUr.  WlSen  twenty  ounces  of  water  are  poured  upon  t\ 
boiled  down  to  ten  ounces,  the  decanted  liquid  shows  nc 
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Btmcture  (Gay-Lussac  and  Tliinard).  80  pta.  mercuiy  1 
21^  (Bottger).  86  mercury  to  1  sodium:  a  mass  conta 
granular  crystals  (Gay  Lussac  and  Th^nard).  100  mc 
viscid,  and  consisting  of  a  solid  and  a  liquid  portion  (Bottg 
1  sodium:  liquid  (Gay-Lussac  and  Th^nard).  Sodium- 
same  reactions  as  potassium-amalgam.  It  likewise  amalgama 
(H.  Davy).  It  decomposes  the  salts  of  barium  and  stronl 
metallic  salts,  when  a  small  quantity  of  water  is  pivsent,  the  pro 
of  mercury  with  the  heavy  metal  (Bottger,  J\  pr.  Chem.  liL 
used  as  a  reducing  or  hydrogenatinp  agent  for  effecting  the  sv 
lor  chlorine,  bromine,  &&,  in  organic  compounds. 

Amalgam  of  Potasnvm  and  Sodium. — 5  pts.  potassium  anc 
together  by  heating  them  under  rock-oil,  form  an  alloy  which 
9°,  but  when  brou^t  in  contact  with  100  pts.  of  mereuiy,  u 
yeiy  solid  mass.    (Bottger.) 

Strontium-amalgam.'-'TrepBxed.  like  that  of  barium,  i 
decomposes  more  quicuy  under  a  mixture  of  the  solutions  of  ch 
chlorioe  of  calcium,  as  well  as  under  water.  When  exposed  to 
hours,  it  is  converted  into  carbonate  of  strontium,  with  separati 

Tellurium'amalgam, — ^Mercury  and  tellurium  are  said 
ing  a  tin-coloured  amalgam. 

Thallium' amalgam, — The  two  metab  unite  readily, 
amalgam.    (Crookes.)  * 

Tin-amalgam^ — Mercury  and  tin  unite  quickly,  «ven  at 
still  more  quickly  on  pouring  mercury  into  melted  tin.  A  pie( 
of  which  is  immersed  for  four  weeks  in  mercury,  is  penetrate 
by  the  mercury,  and  exhibits  cracks ;  its  lower  end  becomes  a1 
the  metal,  and  the  immersed  part  is  found  to  be  covered  with 
•f  which  float  about  in  the  mercury.  If  a  square  bar  of  tin,  n 
form,  or  hammered  or  filed  square  fhnn  a  round  bar,  be  kfp 
mercury,  it  splits  in  directions  proceeding  from  the  lateral 
diagonals,  thereby  dividing  itself  into  four  triangular  prisnu 
knife ;  at  the  same  time,  a  four-sided  pyramid  is  formed  at  ead 
If  the  piece  of  tin  has  any  other  form,  cracks  are  produc 
(Daniell,  J.  of  Roy.  Inst,  i  1).  Sodium-amalgam  immersed 
tion  of  stannous  chloride,  yields  a  viscid  amalgam  of  tin.    (B  o 

Tin-amalgam  has  a  tin -white  colour;  and  if  the  mercury  is 
is  brittle,  granular,  and  according  to  Daubeuton.  ciy^tallises  in 

8n*Hg  and  SnHg  do  not  fuse  till  heated  above  100°.    (Reg 

Sn*Hg  has  at  26^  a  specific  grayi^  of  8*8218 ;  Sn^Hg,  9-i 
SnHg*,  11*8816.  1  vol.  of  tin  with  1  vol.  of  mereuiy  forms 
gravity  at  27**  is  10*4729 ;  1  vol  tin  with  2  vol  mereuiy,  11*46 
8  voL  mercury,  12*0267.  In  most  cases,  therefore,  condensatit 
■ingle  instance  of  1  voL  tin  to  2  voL  mereuiy,  however,  this  o 
perceptible.    (Kupffer,  Ann.  Ch.  Phys.  [2]  xL  293.) 

The  compound  obtained  by  ftising  4  pt«.  of  tin  with  1  pt  of 
verised  after  cooling,  a  kind  of  mosaic  silver,  which,  when  rul 
ttone,  acquires  the  metallic  lustre.    The  tilvering  of  mirrors  i 
of  tin. 

'  Joule  obtained  beautiful  crystalline  amalgams  by  making  : 
solution  of  stannous  chloride.  The  amalgam  containing  100 
had  a  specific  gravity  of  10*518  ;  that  containing  100  mereuiy 
gravity  of  10*94 :  hence  the  combination  is  attended  with  o* 
The  amalgam  of  tin  is  decomposed  by  pressure,  the  mereuiy  1c 
high  pressure  having  a  volume  little  more  than  one-eighth  oi  tb 

An  amalgam  of  tin  and  bumuth  is  obtained  by  melting  toget 
of  bismuth,  and  1  pt  of  mercury. 

An  amalgam  of  2  pts.  tin  and  1  pt  cadmium  is  used  for  st<^ 
metals  are  melted  in  an  iron  ladle,  slightly  warmed ;  mereur 
is  poured  into  an  iron  mortar,  and  rubbcMl  with  a  wooden  pestl« 
buttery  eonsistence ;  and  the  excess  of  mercury  is  squeesea  out 
residue  ia  almost  granular,  but  becomes  soft  and  plastic^when  k 
An  amalgam  <n  tin  and  lead  may  be  fbrmed  by  into)ducin( 
netals  into  mercury. 
Amalgams  containing  tin^  lead  and  bismuth  are  described  und 
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la  or.    See  pnge  886. 

BmmOU»T,  BROBnBBS  or.  Mercury  forms  two  b 
mercwrous  and  mereurie. 

s.  Mteronrons  Bromide.  (Hg')'3i*. — ^Thii  oompouiM 
blimiDg  an  intimate  mixture  of  1  at.  mercury  and  1  at.  mercuri 
By  precipitating  mercorous  nitrate  with  aqueous  bromide  of 
hen  prepfured  by  the  first  process,  it  forms  a  fibrous  mass  (1 
lich  are  yellow  while  hot»  but  become  whitish  on  cooling  \i 
\  56).  By  (2):  white  powder  (Balard);  yellowish-whiu 
)ecific  grarity  7*307  (Ears ten).  It  is  tasteless  and  inodon 
lises  undecompoeed  at  a  low  red  heat 

When  heated  with  phogphoruB,  it  is  resolved  into  bromide  of 
lide  of  mercury  (Lowig).    Treated  with  cold  aqueous  ammc 
ith  water  containing  ammonia,  it  leaves  a  grey  powder,  whid 
ercury,  and  when  heated,  gives  off  ammoi^ia,  and  yields  a 
ercurous  bromide,  and  mercuric  bromide  (Rammelsberg). 
leids  mercurous  oxide  and  bromide  of  potassium.   When  boilo 

■  chlonde  of  ammoniumt  it  yields  a  solution  of  mercuric  bron 
letallic  mercury  (Lowig).    It  is  not  perceptibly  soluble  in  c 

■  succinate  of  ammonium^  while  the  same  liquids,  when  hot,  dii 
M;ility,  tearing,  however,  a  grey-pulverulent  residue  [metalli 
srceptibly  soluble  in  ntlphats  or  nUrate  of  arnn^xuvif  even 
IVittstein.) 

B.  Merourlo  Bromide.  Hg^r*.— 1.  Mercury  unites  wit] 
>mperature8,  forming  this  compound,  the  combination  beii^ 
ition  of  heat,  but  not  of  light  (Balard). — 2.  The  same  co 
gitating  mercury  with  water,  adding  bromine  as  lone  as  its  col 
oiling,  filtering,  and  leaving  the  solution  to  ciystulise. — 8.  ] 
xide  in  hot  aqueous  hvdrobromic  acid,  and  leaving  the  solutioo 
ubliming  mercuric  sulphate  with  bromide  of  potassium  (Ld 
Dntains  also  mercurous  bromide  (O.  Henry). — 6.  By  mix! 
itrate  with  bromide  of  potassium,  evaporating  as  long  as 
rystallises  out,  and  purifying  the  product  by  solution  in  afeoho 
Taporated  to  dryness  leaves  a  residue,  from  which  boiling  i 
mall  quantity  of  the  compound.    (Lo  w i  g.) 

Mercuric  bromide  crystallises  from  the  squeous  solution  in  soft 
[le  alcoholic  solution  in  white  needles  (Lowig.)  According 
869,  p.  226),  the  crystals  are  rhombic  prisms,  ooP .  oP,  de 
nd  having  the  angles  ooP :  ooP  -  68^  24'  and  \IV^  26'. 
ith  sublimed  mercuric  chloride.  The  product  obtained  by  (5] 
tiong  heat,  a  specific  gravity  of  6-9202  (Karsten).  Mercui 
nblimes  when  heated.    It  dissolves  in  94  pts.  water  at  9° 

Ets.  of  boiling  water,  the  greater  part  separating  as  the  liqui 
ition  reddens  litmus.  It  dissolves  very  easily  m  aieokol,  stil 
With  phosphorus  it  forms  bromide  of  phosphorus.  Heat 
rsenic,  it  gives  up  its  bromine.  Its  aqueous  solution  exposed 
I  contact  with  mercury  or  copper^  or  mixed  with  cuprous  hromt 
romic  add,  deposits  mercurous  bromide.  With  a  small  quanf 
yields  a  white,  and  with  a  laiger  quantity  a  black  pr 
rith  ammonia  it  forms  a  white,  with  fixed  alkalis  a  yellow 
hypochlorite  of  sodium  added  to  the  solution  throws  down 
Rammelsberg),  and  hypochlorous  add  converts  mercuric  1 
iloride  and  bromate,  the  action  being  attended  with  evolution  ol 
3alard).  Heated  with  nitrio  or  sulphuric  acidy  it  gives  o 
Salard);  but  according  to  H.  Bose  (AnalyL  Chem.)  it  i 
dphuric  add. 

Double  Salts  of  Mercuric  Bromide. — Mercuric  broi 
ore  basic  metallic  bromides,  forming  easily  soluble  double  salt 
romohydrar^Vrates),  losing  thereby  its  power  of  reddeoini 
ining  the  bromides  of  the  alksli-metals  are  erystallisabla. 
Ammonium-salt. — Mercuric  bromide  dissolves  abundantly  iz 
nmonium.  Alkaline  carbonates  added  to  the  solution  throw  di 
uraramonium.    ^L  o  w  i  g. ) 

The  barium-salt  crysUllises  in  highly  lustrous  prisms,  wfaid 
r.    (Bonsdorff) 
Calcium-salt. — A  solution  of  bromide  of  calcium  saturated  i 
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heats  the  resulting  meicurouB  sulphate  with  an  equal  weight  o 
sublimate  is  obtained. — 3.  By  deadenins  2  at  mercury  wiUi  2  t 
Ht.  peroxide  of  manganese,  and  heating  the  mixture  to  sublimatk 
acia: 

Hg«  +  2NaCl  +  MnO«  +  2H«S0«  =  Hg»Cl*  +  Na«SO*  + 

4.  By  triturating  mercsury  with  common  salt,  ferric  sulphate,  ai 
water,  till  the  metal  has  lost  its  fluidity,  and  subjectiog  the  aii 
(Sch af  fhautl),  Ann.  Oh.  Pharro.  xUii.  25.)  The  basic  ferric  su 
aa  a  waste  product,  may  be  made  available  for  this  process ;  a  i 
chloride  may  sublime  together  with  the  calomel  (Scbaffhiii 
probably: 

Fe«(SO«y  +  6NaCl  +  Hg«  -  8(Na«S0«)  ^-  2FeCl« 

Th«t  calomel  set  firee  in  the  form  of  Tapour  by  either  of  thfc 
either  allowed  to  collect  in  the  form  of  a  dense,  fibrous  sublin 
carefully  pulverised ;  or  the  calomel  Tapour  is  cooled  under  sudi 
solidifies  in  the  form  of  a  soft  powder  instead  of  a  solid  cake.  1 
accordingto  Jewel  and  O.  Henry(J.PhaBn.  Tiii546),  by  cand 
to  pass  into  a  chamber  into  which  rapovr  of  water  is  inject 
According  to  the  process  now  adopted  in  this  country,  on  the  otl 
or  the  ingredients  from  which  it  is  prepared,  is  heated  in  a  cas 
long  and  1  foot  wide,  one  end  of  which  is  provided  with  an  openic 
and  remove  the  materials,  and  closed  during  the  operation,  wli 
minates  in  a  contracted  neck  which  opens  into  the  upper  part 
4  feet  long  and  broad,  and  6  feet  high.  In  this  diamber  the 
the  form  of  a  soft  powder.  As  the  iron  of  the  tube  deoomp 
calomel,  a  small  quantity  of  mercuric  chloride  is  added  to  th 
J.  Pharm.  [3]  iiL  121).  Soubeiran  (J.  Pharm.  xxix.  502)  ad< 
excepting  that  he  heats  the  materials  in  an  earthen  retort,  am 
Vessel  as  a  condensing  chamber.  The  pulverulent  calomel  obtaii 
processes  is  washed  with  a  laige  quantity  of  warm  water,  oi 
warm  alcohol,  to  free  it  bom  the  corrosive  sublimate  with  wh 
taminated. 

6.  In  the  wet  way. — 1.  By  precipitatmg  a  warm  dilute  solution 
with  excess  of  common  salt  or  sal-ammoniac,  and  washing  the  ] 
with  cold  water.  The  calomel  obtained  by  this  process,  first  p 
is  in  the  form  of  a  remarkably  fine  powder,  and  has  consequi 
active  medicinal  properties  than  the  ordinary  preparation.  Its 
may  perhaps  be  partly  due  to  an  admixture  of  basic  mercuroii 
oxide,  which,  accordingto  Bnchner,  Mialhe,  and  others,  are  s 
This  admixture,  however,  does  not  occur  if  the  solution  of  mercur 
dilated,  and,  if  necessary,  filtered,  before  being  mixed  with  the 
if  the  common  salt  or  sal-ammoniac  be  added  in  excess,  and 
some  time  in  contact  with  the  precipitate.  To  the  same  end, 
and  Trautwein  (Repert  Pharm.  xi  72;  xiL  155)  recommei 
acid  be  added  to  the  mercurous  solution  before  mixing;  and  CI 
addition  of  hydrochloric  acid  to  the  solution  of  common  salt.  I 
the  liquid  must  not  be  heated  so  much,  as,  otherwise,  part  of  the 
dissolved  in  the  form  of  mercuric  chloride.  According  to  D  u  m  a  s, 
by  the  use  of  common  salt  always  contains  more  or  less  of  that  i 
be  freed  from  it  by  washing ;  the  presence  of  the  salt  renders  the  c 
more  soluble  than  that  obtaincKl  bv  sublimation ;  but  Mi  all 
586)  found  only  traces  of  common  salt,  and  no  difference  in  tb 
phurous  acid  gas,  evolved  by  heating  sulphuric  acid  with  charcc 
solution  of  mercuric  chloride  saturated  at  50^.    The  reaction  is  s 

2Hga«  +  S0«  +  2H«0  =  Ug«Cl«  +  2HCI  +  i 

The  filtered  liquid  still  contains  a  certain  quantity  of  undecompoa 
and.  therefore,  still  gives  a  predpitate  of  odomel  ^en  heatea  i 
to  the  boiling  point  (Wohler,  Ann.  Ch.  Pharm.  xc  124).  Acoo 
(f^.  xcvi.  325),  the  decomposition  is  almost  complete  in  the  fin 
the  solution  is  sufiiciently  dilute  (1  pt  mercuric  cnloride  to  80  i 
saturated  with  sulphurous  acid  is  heated  for  some  time  to  70° 
requires  a  product  of  84  per  cent ;  experiment  gave  84 '6  per  cen 
Imfuritie*  and  Adulterations. — 1.  Mercuric  cnloridt :  Cold  wat 
with  the  powder  lor  some  time  and  then  filtered,  turns  browi 
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liny  metals,  yis.  argeniCt  aniimoni/,  bUtntUhf  Hne,  tin,  lead,  i 
[npose  mercuric  chloride  in  the  dry  way,  withdrawing  the  I 
rine,  and  separating  calomel  or  metallic  mercury,  which  la 

the  excess  of  the  other  metal.     Arsenic  forms  trichloride 
imate.     An  intimate  mixture  of  3  pts.  antimony  and  1  ] 

pressed  into  a  glass,  becomes  hot  and  liquid  in  the  course 
application  of  heat,  yields  trichloride  of  antimony  and  i 
fd  with  merctiric  chloride  yields  a  distillate  of  stannic  cfc 

containing  calomel  and  stannous  chloride.  Many  metal 
a  the  aqueous  or  alcoholic  solution  of  the  chloride.  Mo 
mel  tog-ether  with  the  mercury  ;  but  rmc,  cadmium,  and  i 

mercury,  zinc  being  thereby  conv^erted  into  a  semi-fluid  i 
ning  an  amalgam  which  crystallises  in  beautiful  needles, 
aercuric  chloride  in  solution,  see  p.  900. 
Compounds  of  Mercuric  Chloride,  a.  With  Jmm 
>ride  is  gently  heated  in  a  stream  of  ammoniacal  gas,  the  lal 
ipound  fuses  by  the  heat  evolred  in  the  combination.  The  pre 
ontain  HgCP.NH'.  This  compound  boils  at  690^,  and  m 
I  of  ammonia ;  it  is  decomposea  by  water. — (See  Mbrcubt-] 
I.  With  other  chlorides. — ^Mercuric  chloride  unites  with  many  i 
ning  crystallisable  double  salts.  They  are  prepared,  for  U 
aqueous  solutions  of  the  two  salts  in  the  required  proportic 
ntaneous  evaporation. 

immonium-ealts. — One  of  these  double  salts  has  long  been  li 
Tystallises  in  flattened  rhombic  prisms,  2NH*C1.:^CP.H^ 
h  the  corresponding  potassium-salt.  When  exposed  to  dry  a 
bout  change  of  form.  Kane  has  also  obtained  KH*Cl.Hg 
t.  water.  2(NH«Cl.HgCl*).H*0,  the  flrst  in  a  rhombotdal 
ong  silky  needles. — According  to  J.  Holmes  (Chem.  New 
pts.  mercuric  chloride  and  1  pt.  sal-ammoniac  in  hydrochlori 
the  salt  2NH«C1.9HgCP ;  and  on  mixing  this  solution  wit! 
irochloric  acid,  or  by  dissolring  in  that  acid  a  mixture  of  3 
I  I  pt.  sal-ammoniac,  the  salt  2NH<a.3HgGl*.4HH)  is  obtai 
?he  cMoridea  qf  barium  and  atrotUium  form  well-ciystallised  c< 
)ride,  Tiz.  BaCl«.HgCl*.4H«0,  and  SrCl«.2E^l».2H»0.  Ch 
OS  in  two  proportions  with  mercuric  chloride.  When  the  lattc 
I  in  chloride  of  calcium,  tetrahedral  crystals  separate  from 
rably  persistent  in  the  air,  and  contain  CaCl*.6HgGl'.8HH). 
hese  crystals,  the  liquid  yields,  when  evaporated  by  a  gen 
arge  prismatic  crystals,  CaCl'.2HgCl'.6H*0,  which  are  very 
'be  chlorides  of  cobalt  and  copper  also  form  crystallisable  d< 
\  does  not  appear  to  form  a  double  salt  with  mercuric  chlori 
'he  iron-salt,  FeCI*.HgCl*.4HK),  and  the  manganese-sa 
isomorphous  and  crystallise  in  rhombic  prisms.  An  excei 
olves  in  the  latter  salt,  and  crystallises  on  cooling  in  large  i 
'hioride  of  magnesium  forms  two  double  salts,  with  n 
Jl«.3flgCKH«0,  and  MgCl«.HgCl«.6H«0,  both  deliquescei 
«  two  compounds,  one  of  which  crystallises  in  tetrahedi 

otaswum-^ts. — ^Wben  an  aqueous  solution  of  potassium-c 
with  pulverised  mercuric  chloride,  the  liquid  decanted,  a  q 
ride  added  equal  to  that  already  present,  and  the  solution 
2KCl.HgCl*.H*0  is  deposited  in  large  rhombic  prisms.  If 
0^  be  left  to  evaporate  without  further  addition  of  chloride 
KCl.HgCH.H'O  is  obtained  in  debcate  asbestos-like  crystfl 
of  potassium-chloride  heated  to  60®  and  saturated  with  mere 
r>oling  to  a  mass  of  slender  needles  having  the  composition 
^le  sodium-sa/t  NaCl.HgCl*.2H'0  orystalliseM  in  six-sided  pi 
le  zincealt  has  not  been  analysed.  An  aqueous  solution  oi 
excess  of  mercuric  chloride  deposits  the  latirr,  on  eraporat 
Jits,  after  which  a  double  salt  slowly  separates  in  very  de 
les.     (Bonsdorff.) 

ercwie  Chloride  with  Acid  Chromate  qf  Ammonium. — A  sob 
)  two  salts  yields,  by  concentmtion  and  cooling,  large,  shini 
I  prisms,  of  the  salt  HKn».[(NH*)«CrO*.CrOn.H^O  (Ri 
1.  Soc.  Qu.  J.  iii.  202).  The  salt  was  discovered  by  Darb, 
irho  howerer  assigned  to  it  a  different  formula.    Accordii 
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IMmercazosammoniiini 
Trimercnrammoniiim 
TrimercmoBaminoniiim   . 
Tetramercurammomiim 
None  of  the  mercnrammoniams  ha 


curamine,  ^Ig'N',  is  produced  by 
i|  oodde. 


c  or  IV,*  p.  931)  is  produced  by  n 
ammonia  gas,  tlie  salt  then  takiQ 
extracts  bromide  of  ammonium  from 
gives  off  ammonia  when  treated  wit] 
caustic  potash. 

Bromide   qf  Mercury   and   Men 

HgBi*,  or  Bromide  qf  J^fdrogem  and 

HBr,  (fi\  is  ]^roduced  by  8atnratin( 
white  powder  insoluble  in  water  and 
resolTwi  by  heat  into  nitrogen,  ami 
sublimate  of  mercuric  bromide. 

Chloride  of  Mereurammoniu 

precipitate.  Obtained  bv  precijnta 
{aUmhroth  aaU,  p.  808)  with  potash 
chloride  into  a  boiling  solution  of  sal 
reeultinff  precipitate  redissolyee ;  iti 
(Mitfcherlich).  Atagentleheat 
NH*.H^C1',(7),  which  isalsoformet 
ammonia  gas,  or  by  distilling  mercu 

/o<f  t  <£«.— 2NH"  j(gP  «  ^|]  I  N«I» 

and  forms  this  white  compound,  whi 
ammonia  and  is  reconverted  into  red 
The  compound  NH'-HgTI*  (8)  is  ol 
ammonia^  as  a  white  crystalline  po^ 
a  brown  powder  consisting  of  hydrat 
ing  the  ammoniacal  solution,  the  con 
gives  off  its  ammonia  when  exposed 
and  by  acids.    (Caillot  and  Corr  J 


(a  or  0*  known  in  pharmacnr  as  inf  i 
tatue  aUme,  is  formed  by  adding  ami 
first  produced  it  is  bulky  and  milk-^ 
washing  with  cold  water,  it  turns 

of  tetramereurammonium,  Sj^*Gl' 
especially  distinguished  from  calomc 
alter  white  precipitate,  whereas  caloi 
pound  as  an  anUdochloride  ofmerour 
The  tetrammonium  salts  (p.  918), 
compounds  of    dimercurammonium 

2>N«a«.2H«0  as  tfg^«N»Cl«.2Hg 
t  produced  by  the  action  of  ammo 

as  a  sulphate  of  tetramercnrammonii 

fulphate  of  dimereurammonium,  (Hg 

•  The  Gieik  iHten  in  this  sad  the  f 
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be  Ngazdfld  u  a  hydzated  oxide  of  t 

strong  base  and  forms  definite  salt 
decomposition,  at  ordinary  temperat 

cnrammonium  combined  witn  mei 
salts  represented  by  corresponding 
oxide  with  the  chloride,  iodide,  acet 
formnlated  as  compounds  of  mei 
tetrammonium  salts  are  also  produ 
oxide  (flirsel,  Ixxxiv.  258),  and  in 

Acetate  of  Tetramereuramm 
compound  obtained  by  treating  me 
dried  at  100®  it  leaves  a  yellowish- 1 

The  areenate  is  a  white  salt,  o1 
ammonium. 

Bromate,  (Hg*N^Br«0«.2H»0, 
Intion  of  mercuric  bromate  slightly  si 
remaining  in  solution.  When  heat4 
detonates  with  great  violenoe,  metal 
berg.) 

Carbonate,  (rig*N«)00».4H«0  ( 
water,  in  which  hydrate  of  tetrai 

Siwder,  which  may  be  washed  wi 
irsel,  by  boiling  finely-diyided  me 
obtained  a  salt  having  the  same  c 
yello?nsh-white  when  dry,  turned  g 
potash,  but  gaye  off  all  its  nitrogea 
sulphide  of  potassium.  By  treatinj 
carbonate  of  ammonium,   Hirzel 

(Hg*N«)CO«JPO  (») ;  when  expose 
colour. 

Millon's  carbonate  of  tetramercur 
composition.  When  perfectly  diy,  i 
higher  temperatures  it  gives  off  a  o 
a  slight  brown  tint,  not  however  giv 
the  heat  be  raised  to  180-200®,  moi 
of  ammonia ;  the  residue  has  a  deep 
of  carbonic  acid,  but  does  not  effervi 
strong  hydrochloric  acid,  which  elin 

Chloride.  rig*NKIl«.2H»0  (•) 
ammonium  (infusible  white  precip 
better  by  boiling  it  with  water : 

2rig«H«N«Cl 

also  by  treating  the  chloride  of  di 
heavy  granular,  yellow  powder,  whi( 
niac.    (Kane.) 

Ckromate.  (rigW)CrO;.2HK); 
not  act  on  mercuric  oxide  in  the  c 
compound  of  chromate  of  tetran 
(Hg^CrO*),  which  when  boiled  with 
off  all  its  nitrogen  in  the  form  of  an 
verted  into  a  lemon-yellow  chromiitc 
above  indicated. 

Hydrate,   ^?*|o^  (tf).-Thii 

curie  oxide  with  aqueous  ammonia, 
A  cMustic  alkali.  Yellow  mercuric 
on  by  smmonia ;  the  red  modificatic 
mouia  on  the  latter  retains  the  cryst 
the  hydrate  obtained  by  either  procf 
paper,  and  drying  it  over  oil  of  vitr 
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pOBlUOIl  oX9  eiiuuimbou  .    uub  u  uic 

ethyl  unites  with  the  bromine : 

Hg(C«H»)«  +  ] 

With  excess  of  alcoholic  mereur 
With  hydrochloric  or  sulphuric 
ethide  or  sulphatethide : 

2Hg(C«H»)«  +  H«80 

Sodium  slowly  decomposes  merci 
is  very  liable  to  explode  from  sligb 
tact  with  the  air.  On  applying  a 
consisting  of  ethyl  and  hydride  ol 
first  instance,  and  then  decomposec 

Heated  with  excess  of  finely  gra 
ethyl  and  zinc-amalgam.  Heated 
ethyl,  but  the  decomposition  is 
ethide  to  100*^-130°  becomes  an 
cadmium-ethyl.  Gold  likewise  be< 
metallic  compound.  Mercuric  eth 
160°,  with  copper,  iron,  or  ailve 
inflammable  gas  being  giren  o£f; 
heat  alone,  independently  of  any 
compound  is  formed  in  either  cas 

Mercuric  Ethyl-hydrate,    £ 

decomposing  a  boiling  alcoholic  so 
filtering,  distilling  off  the  alcohol 
colourless  oil,  which  is  strongly 
ammonium'Salts^  but  not  the  salts 
with  tlie  salts  of  aluminium,  zinc, 
of  sulphi/dricacid,  it  forms  a  white  p 
black.  With  metidlic  sine  it  forms  z 
forming  ciystallisable  salts,  viz.  mt 
Mercuric  lodethide.  Hgf(< 
above-mentioned  (pp.  921,  922),  or 
with  a  slight  excess  of  alcoholic  io<^ 
alchohol  and  ether,  and  separates 
also  without  decomposition  in  ca 
without  decomposition,  but  require 
posed  by  direct  sunshine :  hence  i 
of  ethyl,  the  yessel  must  be  ea 
Strecker.) 


Mercuric  Nitrethids, 


H 


silyer  added  to  a  solution  of  the 
and  a  solution  of  meicoric  nitreth 
(Strecker.) 

Mercuric  Phosphatethide,  ( 
the  chlorethide  with  phosphate  of  i 
evaporation  as  a  yiscid  dikphanons 

Mercuric  Sulphatethide, 

pared  by  decomposing  the  cbloret 
alcohol  in  shining  lanuns. 

Mercuric  Sulphethide.     H 

yellowish-white  pulverulent  preci 
alcoholic  solution  of  the  chlorethidi 
of  ammonium,  and  septirates  from 
always  mixed  with  sulphide  of  me 
by  eyaporatioD,  depositing  8ulphid( 

Mercuric  lodomeihide,  £ 
Frankland  (Ann.  Oh*  Fharm.  ha 
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MEROXENE— MESn 

thide,  cat  Oxide  of  Hydrargomi 
Bd  alkalis  on  mercuric  iodomet] 
reageDts,  and  the  solutiona  yii 
;e  of  the  corresponding  sulpkit 
most  intolerable  odour.     (F  r  a  i 

Syn.  with  Biotite.    (See  Mici 

ACZB.  C»H«0«.  atracartu 
I,  ibid,  IzzTiii.  129;  Baup.  ihii 
lion  of  citraconic  add  for  naif  i 
;id.  The  reaction  takes  place 
elain-like  mass.  A  certain  qw 
time,  from  which  the  acid  maj  b 

brms  a  mass  of  fine  Instrons  ne* 
iter,  and  also  in  alcohol  and  in 
fles  to  a  crystalline  mass.  It  re 
nith  concentrated  hydriodie  acii 
rtaric  acid;  it  is  also  oonyertec 
D° — 80°,  it  forms  mesodibrom 
1.  Pharm.  SuppL  ii.  86.) 
I  dibasic,  its  salts  baring  the  form 
Alltsable. 

ium-salt,  C*H«Ba''0*.4H«0,  is  ol 
im.  It  forms  monoclinic  prism 
preater  part  of  their  water  of 
•Ba''0».2H«0,  forms  hexagonal 
an  excess  of  acid,  from  which  t 
It,  C»H'Ca"0*.H-0,  forms  small 
B  neutral  eUver-eaU  is  a  ciystillj 
eilver-edt,  0*H»AgO*.  is  obta 
tion  of  mesaconic  acid  and  erap 

tBTBBm.    C*H'«0«     -     C*I 
come  acid,  snlpboric  acid,  and 
reeable  fruity  odour  and  bitter 
tbout  alteration.    It  is  not  ati 
Ids  alcohol  and  mesaconate  of  bi 

i  oxygenated  oU,  very  mobile,  boi 
I  obtamed  by  distilling  lignone  w 

Another  rery  mobile  oil,  boiXii 
like  manner. 

EiOORO&«  A  name  giren  to  s 
ng  the  radicle  meeityl,  C"H*,  isoi 

kSBBTBlL  C"HK).  A  bodj 
tromeeitylene,  by  heating  acetont 
s  extremely  violent,  so  that  it  is 
gins,  then  heat  it  again  and  » 

completed,  an  oil  separates,  coi 
lene. 

» is  lighter  than  water,  has  a  sw 
it  dissolyes  instantly  in  caustic  ] 

ammonia  gas  with  great  avidit 
water,  the  solution  yielding  by  i 
imania.  Nitrate  of  silver  adde< 
cipitate,  which  blackens  when  1 
a  few  drops  of  potash.  (Kane, 
:i.O&AX.  Syn.  with  Dichlorac 
Syn.  with  Oxide  of  Me 
(Mg;Fe)"CO«.  Breum 
9dral  crystals  isomorphous  wit 
;  oR  :  R  »  136°  52'.  Leng 
R,  —  J  R  Cleavage  rhomb 
massive,  granular,  and  fibioui 
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MESITYLEH 


,  J.  ii.  104. — Cahours,  Con 
on,  isomeric  with  camene,  ] 

prepare  it,  2  toI.  acetone  i 
eing  carefully  regulated.  1 
consisting  of  very  impure  n 
acids,  resulting  from  a  seo 
ver  the  water-bath  to  sepan 
>ut  the  product  thus  obtame< 
be  purified  by  numerous  re 
ioric  add.  (Cahours.) 
r  light,  colourless  substance, 

and  160^  (Hofmann),  he 
>  4-345  to  4*282  (Cahours] 
bh  a  bright,  but  veiy  smoky 
lich  is  not  altered  by  exposi 
dline  substitution-products. 
Cane).  A  mixture  of /vnu 
y,  and  without  rise  of  tempi 
)wise  decomposed  by  strong 
ning  sulphuric  add  converti 
iiours.) 

DerivaiiveB  ofMentx 

wib.  C»H*Br».— When  broi 
ae  till  the  heat  evolved  has 
IS,  a  white  crystalline  compc 
by  washing  with  water,  in  ^ 
I  from  boihng  alcohol  rendex 
e  without  decomposition,  an 
Bofmann.) 

»ne.  C»H«Cl".---To  prroai 
ene  till  the  liquid  sohdines 
and  crystallised  by  cooling 
-liquid.  The  product  is  pt 
paper,  but  not  in  contact  wii 
Dg,  four-sided  prisms,  resem 
eat,  but  without  deoomposi 
y  ammoniacal  gas,  and  are  i 

C*H"NO«.— Formed  by  tw 
carefully  cooling  the  mixti 
h  an  alcoholic  solution'of  poti 
I.  One  of  these  is  a  liquid 
bits  the  properties  of  an  al 
n  alcohol,  and  separates  fr 
stals ;  it  is  isomenc  with  nit 
».  C"H'«(N07''.— Obtained 
i.  After  a  few  distillations, 
»  compound,  which  may  be  ] 
LcohoL  With  dilute  nitric  a( 
»nverted,  after  repeated  di 
rstallise,  but  appears  to  be  a 
allises  in  fine  needles,  often 
af  trinitromesitylene  (vid.  i 
irith  great  facility  in  alcohol 
C»H»«NK)»  «  C»H>«(NO«m. 
.  by  the  action  of  sulphyoric 
K)«  +  8H«S     =     C'ff'N'* 

>lution  of  dinitromedtylene 
issumes  a  dark  colour  and 
r  the  sulphydric  add  being  i 
for  several  days,  till  the  su] 
n  of  hydrochloric  add,  sul] 
ktion,  a  dear  liquid  is  obtain 
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METALS  AND  METi 


eovOT^ 

8p«dllc  griTity. 

In 

Waters] 

I  Alr»l 

. 

1741 

PUtinvm    . 

21-60 

i:     ' 
ot    i 

180S 

Iridium  .    . 

2116 

Gold  .    .    . 

19-26 

1.    . 

1789 

TTraniiim 

18-40 

r 

1783 

Tungitea    . 
Xirenry.    . 

liquid 

18-80 
16-60 
13-60 

LUBJ 

1862 

ThAlUvm 

11-90 

»n    . 

1808 

Palladium 
iMd  .     .     . 

11-80 
11-33 

m    . 

1808 

SUTor     .    . 

11-00 
10-67 

mt  . 

1808 

Oimivm  .    . 
Biimutli.    . 
Copper    .    . 

9-80 
8-94 

It     . 

1761 

Viekol    .    . 

8-82 

•    . 

1782 

Xolybdoaiim 

8-68 

.    . 

1738 

Colialt     .    . 

8-61 

BT      . 

1818 

Oftdmium 

8-46 

heele 

1774 

MaagaaoM  . 
Iron  .    •    . 
Tin     .    .    . 
Zine   .    .    . 

8-02 
7-84 
7-80 
713 

n    . 

1797 

Ohromiom  . 
Antimoay    . 

7-01 
6-72 

1791 

TiUniom     . 

1733 

Arionie  .    . 

6-68 

10-40 

1807 

Barium  .    . 

4-00 

1828 

Alvmii^am. 

2-66 

1807 

Strontium  . 

2-64 

1828 

Olueinom    . 

2-10 

1829 

ICagnodom. 

1-74 

1807 

Oaloinm.    . 

1-68 

1860 

Bubidiom    . 

1-62 

1807 

Sodium   .    . 

0-97 

f» 

PotMiium  . 

0-86 

f     . 

1889 

Lanthanum. 

0-83 

»XI    . 

1818 

Lithium.    . 

069 

Hydrogen    . 

•     • 

0-0691 

rd  . 

Bitrogen     . 

, 

0-9713 

.    . 

1774 

Oxygen  .    . 

•     • 

11066 

.    • 

1774 

Chlorine .    . 

,    , 

2-47 

Uqmid 

1-33 

.    .    1769 

Phoiphorua. 

1-84 

4-42 

red 

1-96 

, 

Sulphur  .    . 

1-98 

6-62 

MmeMc 

2-07 

Carbon    .    . 

2-27 

TwttiflNnt 

3-63 

ae^ 

' 

1808 

Boron.    .    . 

2-63 

•    • 

'    • 

1810 

SiUoon    .    . 

eryiteIMM 

2-34 
2-49 

•    • 

»    • 

1826 

Bromine.    . 

UquU 

3 
319 

6-64 

»    • 

1817 

Selenium     . 

4-28 
4-80 

8-20 

,    . 

1811 

Iodine     .    . 

4-96 

872 

'    • 

1782 

Tellurium   . 

6-24 

•    • 
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iSuuice  oy  lueiuui  ux  wuusu  uue  u< 
ace  to  Imb  added  will  of  oourse  1 
irated  upon,  and  by  the  kind  of  c 
imony  ore,  consisting  of  the  trisi 
X!ting  with  which  it  yields  metal] 
[n  aU  cases  it  is  essential  that  in 
smical  alteration  of  the  materiah 
Mlocts.  It  is  not  often  that  this 
»re  of  the  products.  More  freque 
t^ned  separate  only  when  they  < 
xing  with  each  other  while  in  tl 
nt  in  melting  operations  the  whc 
at  such  a  separation  may  readily 
lich  it  is  the  object  of  the  metal 
regulus,  from  the  other  produc 
stals  are  idso  su£Sciently  dense  to 
e  other  products  of  melting,  thoug 
With  the  object  of  fiunlitatine  th 
tion  which  takes  place  in  meltin 
Lxed  with  some  substance  which  ] 
e  products  formed,  and  their  sep 
ided  with  the  object  of  rendering 
ing  melted,  or  more  readily  ftisib 
\u^hlag  ;  fondant). 
In  the  first  melting  of  ores  001 
stained  is  not  always  the  metal,  er 
Bquently  a  matt  or  mixture  of  si 
e  state  of  regulus,  the  matt  foi 
ining  much  antimony,  arsenic,  &c 
mes  formed,  which  sfmarates  bet^ 
But  ores  very  generally  contain,  1 
liceous  or  earthy  admixtures,  oni 
ey  are  naturally  associated.  T 
echanical  means,  and  since  they  1 
ire  to  be  oonTerted  into  oompoun< 
avity  when  melted,  than  the  othe: 
is  object  are  generally  either — 
Siliceous^  such  as  quartz,  sandi 
Earthi/t  such  as  lime,  limestoi 
inces  to  be  separated ;  by  this 
rtby  silicates  is  formed,  which  is 
ch  as  fluor-spar,  alkaline  sal 
The  addition  of  fluxes  in  the  mell 
B  fUsion  of  the  material  operated 
med.  Moreover,  the  resulting  si 
>duets,  collects  above  them,  and 
ion  of  the  furnace  gases,  which  u 
The  melting  operation  is  genera 
)  materials  are  mixed  with  the  f^ 
)  heated  in  a  separate  chamber  b 
Btion.  Sometimes  crucibles  are  t 
itact  with  the  fuel. 
Redneliiff  m«lltiiff  is  generally 
ion  of  heat  and  the  carbon,  carboi 
ulting  from  the  combustion  of  the 
lal  degrees  of  chemical  stability  c 
ieh  they  are  reduced  by  those  sut 
math,  antimony,  nickel,  cobalt  ai 
red  heat ;  while  those  of  iron,  x 
[ess  intense  degrees  of  white  heat 
rhe  mode  in  which  reducing  melt 
ily  ftisible  or  infusible  at  any  tex 
the  first  case  the  material  can  be  i 
I  cannot  be  effected,  and  the  redo 
tilting  from  the  oombnstion  of  eai 
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MfiTALLUR 

d  in  a  0I066  ^mmH  Tieldi  anenie 
t  half  the  ralphnr  and  rather  leas  o 
hen  mercorj  oree  are  heated  with 
nd  with  any  oonstitnent  of  them  w 
with  the  metal,  metallic  mercury  d 
»irbon  and  exposed  to  a  white  hea 
be  earbonic-oodde  prodneedby  thep 
le,  and  the  metal  ie  Tolatilised. 

EUQUATIOM  AKD  CSTI 

rations  are  practised  with  the  object 
different  melting  points,  or  whic 
B  lead  is  separate  from  a  miztnre 
by  heating  it  in  such  a  manner  that 
or  of  copper  and  lead  which  rem 
lead  by  mrstallisation,  since  the  al 
9s  not  solidify  nntil  the  alloy  of  1 
aystsls.    (Seep.  604.) 

Inrgical  operations  already  treated  < 
I  the  nse  of  ftiel  as  a  source  of  heat 
0  apply  it  to  this  purpose  in  the  n 
principle  by  which  the  relative  ra 
and  the  conditions  under  which  tl 
ready  considered.  ^See  FrsL,  ii.  711 

>  means  of  augmenting  the  efficacy  o 
to  the  production  of  high  tempemt 

ustion  of  ftieL  The  advsntage  ga 
of  a  proportionately  larger  amoui 
produced ;  but  since  the  metalluigi< 
can  be  conducted  much  more  rapid] 
e  saying  of  fuel  effected  by  using  a 
ty  of  material  which  can  be  wodiei 
worked  within  the  same  time  at  a  Ic 
it  is  necessary  to  use  fuel  in  suet 
ir  is  rendered  mectiye,  as  in  most 
of  iron,  a  yery  great  economy  can  b 
of  heating  the  air  with  which  Uie 

0  escape  without  producing  any  usef 
ith  wmch  the  ftiniaces  are  fed  has 
^hose  fiimaces  to  a  degree  far  highei 
f  the  tael  used.  This  augmentatioi 
)  increased  temperature  at  which  air 
n  of  a  yery  high  temperature  is  the 
>e  attained  in  the  manufacture  of  i 
(best  importance.  (See  Ibon,  iii  3< 
Btollurgic  operations,  the  use  of  sase 
irt  it  into  carbonic  oxide  and  hydroa 

1  means  of  effecting  economy  in  ftiel,  1 
I  results  as  regards  the  metals  produc 
lireetion  compared  with  the  capabil 
air  containing  a  larger  amount  of  o: 
dent  means  of  economising  fuel,  ei 
or  intensity  rather  than  quanti^  o 

>  realise  the  adyantages  of  such  a 
I  with  any  such  success  in  relation  t 
re  than  a  passing  mention.    (See  i 

iurgic  operations  which  are  conduct 
the  agency  of  water  or  other  solye 
I  but  few,  yiz.  the  extraction  of  platix 
nd  to  a  less  extent  the  extraction  o: 

SoLUnOM  AHD  PbIC 

t  of  these  opezations  silyer  is  extrac 
lution  of  sodiuin-chloride,  alter  the 
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METALS,   ATOMIC  t 

late  of  aluminiom  to  produce 
B,  orgtalliinng  in  oetaheditmt,  i 
LTA  also  distingnishod  by  their  ca 
1,  and  incapability  of  forming  \ 
fwever,  which  appertain  to  sil'v 
ibidium,  and  caeainm  form  a  d< 
They  are  the  moat  powerftilly 
itenrity  of  their  basylity  incra 
Irates  and  anlphydratea  are  ver 
DiiB.  Their  carbonates  also  ar 
Their  chlorides  are  deliqneA 
fuid  their  platino-chlorides  an( 
isylons  than  potassium,  and  lit 
im  is  well  shown  by  its  want 
y  the  facility  with  which  it  is 
m  metalloigy.  Its  hydrat«  ar 
irbonate  is  efflorescent,  very  mo< 
mate  of  lithinm  is  almost  insolnl 
uid  phosphates  of  the  alkali-ea: 
I  is  perfectly  fixed  in  the  fire, 
tonate  of  lithium  a  considerable 
ion  of  chloride  of  lithium,  thoi 
iim,  is  decomposed  during  era] 
igh  distinguished  from  most  of 
ible  salts,  differs  from  the  albdi- 
Dence  in  air,  the  insolubility 
ide  and  sulphide  to  the  action  oi 
between  sodium  and  silver  mani 
I,  and  in  other  wa^  Bearinff  i 
\  of  allied  metals  increase  in  uc 
nty  of  sodium  over  that  of  potai 
iation  with  the  heayy  metals.  Tl 
iracteristic  trichloriaea,  form  pr 
lubility,  and  general  propertic 
hence  the  metus  themselTes  ma 
I  triatomic 

d  Metals;  namely,  elucinum 
nc,  cadmium,  and  mercurj 
sidered  in  being  more  or  less 
other  particulars.  Of  gludnun 
rtiet  will  be  assumed  to  oorr< 
sium.  With  the  exception  of 
orroeive  sublimate,  forms  an  inf( 
for  the  present^  all  the  membei 
on  only.  With  the  at(Hnic  w 
Bs  would  be  represented  as  proi 
to  HCl ;  but  doubling  their  n 
nrly  by  Wurts  and  Cannixzan 
a,  by  tiie  general  formula  M^CJ 


Ha 

G^Cl 

Jlf^l 

I 

CaCi 

{ 

SrCi 

BaCl 

ZhC\ 

< 

CdCi 

( 

HgCi 

] 

',  belonging  to  this  group  form 
e  triad  metals  thallium  and  gol 
Br.    The  disputed  formulae  of  a 


CWCl 

c 

A»a 

£ 

PftCl 

I 
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METALS*  ATOMIC  Wl 

Triad  Metals. — CUundfying  the  me 
re  are  four  triad  metals  properly  m 
ium,  and  gold :  for  the  tnchlorides  < 
I  as  the  inferior  chlorides  of  pentad,  jusi 
B  inferior  chlorides  of  triad  elements, 
ktomic  weight  for  thallium,  203,  have 
iras  formerly  represented  as  a  sesquicl 
[>f  gold  being  taken  as  98  ;  but  it  is 
formula  AuCl*,  the  atomic  weight  oi 
ktomic  formula  for  aluminic  chloride, . 
(ht  of  aluminium  was  taken  as  1375, 
ds.  It  is  admitted  on  all  hands  t 
nd  to  exist  in  any  definite  compoui 
idivisible  or  atomic  throughout  all  tl 
).  Evidently,  therefore,  it  ought  to 
symbol  Al''',  and  not  as  dipartite  b^ 
e  atomic  weights  27'6,  203,  and  19fl 
>ts  of  the  atoms  of  aluminium,  tballi 
id  are  accordingly  identical  with  the 
such  as  sodium  and  silver,  of  dyad 
rad  metals  such  as  tin  and  lead«  and  c 
&c.  The  trichlorides  of  thallium  ai 
of  chlorine ;  but  aluminic  chloride  vola 
3n  found  by  Deville  to  accord,  not  wit 
>re  complex  expression  AI*C1'.  Butfroo 
this  article,  it  appears  that  the  vapc 
ord  unmistakeablv  with  Uie  moleci 
Aluminium-mediyl  certainly  is,  and  i 
r  of  the  same  class  as  formic  acid,  ao 
whose  vapours  require  to  be  heated  \ 
liquids  before  acquiring  their  nomu 
superior  temperatures,  the  corrected 
Ktly  constant,  and  accords  with  the  i 
tnsity  increases  at  a  very  rapid  rate,  s 
gh  density  would  of  course  aocord  a 
ing  in  mind,  howevez;  the  rule  deducil 
Cahonrv,  that  the  molecular  formula  c 
or  ultimate,  and  not  from  its  variabl 
klso  to  the  ascertained  behaviour  of  th< 
nipour-density  of  aluminic  chloride  o 
fording  decisive  evidence  in  &vour 
were  established,  aluminium  would  ha 

aid  be  represented  by  the  oonstitutionf 

if  aluminium  forming  a  sexvalent  gn 
le  of  hydride  of  ethyl  C«H«.  On  t 
Bsented  by  such  formuUs  as  K*(A] 
.minium  be  regarded  as  trivalent,  the 
[Al'^CSO*)'  derived  from  2H«S0«.  B 
chemical  character  of  these  salts,  or 
enable  us  to  decide  positively  one 
uminium  receives,  however,  some  sup 
ic  compounds  present  a  marked  n 
milar  undoubted  triatomic  compoundi 
for  instance.  Boron  would  seem  to  s 
s  that  in  which  lithium  stands  to  s 
I  pair  of  elements  the  basylity  of  the 
le  the  monadic  are  more  basylous  ths 
ore  basybus  than  the  oorrespondini 
bes  alike  act  either  as  feeble  acids  or 
ninate  of  magnesium,  or  boracite  and 
range  of  compoidtion,  are  referrible  1 
"espectively.  As  before  remarked,  how 
malous. 
uld  appear  to  occupy  among  the  triad 
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YX:  SULPHYDRAn 

Shdphurie  add  dinolTcs  tl 
see  it  when  heated.    The  oon 

'  MMliyl.  (CH«)^.— If  tl 
tn  {b  replaced  by  pentasnlohidc 
e  obtained,  but  at  the  ena  of  ^ 
tained  baring  the  oompomtion 
chloxine  and  with  nitnc  add. 

XiVHTBmATB  OV.    CH«£ 

^'ormed  by  distilling  in  the  wa 
of  a  solution  of  salphomethyLi 
Icium  (both  solutions  havinff  t 
ic  potash,  to  free  it  from  sulpl 

r(SO*y  +  2KHS  =  2(CHMJ 

'  than  water,  boiling  at  2P,  ai 
liye.  It  is  slightly  soluble  in 
nmric  oxide  a  white  compound 
ion  in  shining  lamina  not  l^i 

L&intXBB  or.  Tdluro-meth 
Phann.xciiL  238. — Heeren, 
Dgen,  1 86 1 . )— This  compound 
homethylate  of  barium,  the  di 
pass  OTer  with  the  water,  and 
)ftellurethjl(iL660). 
uomethyl  is  a  pale  yellow  mob 
t.  It  boils  at  82°,  formine  a 
r  dissgreeable  alliaceous  o£>ur, 
L  is  a&cted  by  it  after  some  ti: 
[)n  fire,  it  bums  with  a  brieht 
cid.  Strong  nitric  acid  oxidi« 
laves  to  oxygen,  chlorine  and  < 
oxide  and  a  series  of  salts,  wl 
I  with  acids,  or  by  predpitatioi 

«rojms<Ay/,  (MeTTerp]^ 

A  unpleasant  odour,  crumble  t 
ire  insoluble  in  cold  alcohol, 
fi^ives  with  sulphurous  acid  a 
id,  a  white  precipitate  of  the  d 
en.) 

m'yTeCl*  or  Me*Tea*,  is  obt 
or  chloride  of  lead,  on  adding 
9thyL  It  forms  shining  cole 
n.) 

(MeTe)"  {  (CO')"  :.  ^:ffl,„u 

:e'TeCl^  is  obtained,  on  addin 
ck  white  precipitate  resembli 
»s  heavy  oil,  which  solidifies  i 
acid  to  a  solution  of  the  oxycfa 
Q  heated,  ard  crystallises  on  o 
t  appears  to  be  isomorphou 
it  97*5°,  but  appears  not  to 
1  in  a  mass  having  a  highly  on 
its  heated  aqueous  somtion  t 
tate  with  platinic  chloride.    I 

[e«Te)"|^^Q',  crystallises   ii 

lution  in  water,  from  which  h^ 
he  form  of  a  colourless  oil.     (] 

c.  Qu.  J.  i.  A3)  gave  to  this  add  Che  i 
C^HT  MS^O''  i  more  recently,  howeri 
icth]rUfalphiirous«ckl,the  formula  c 
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[ETHYLAMI 

a  bluish- whito  ] 
With  cadmium 
U-aalts,  also,  it  fo 
rrom  thoiM^  produi 
»,  but  the  nitrati 
;e  ammonia,  form 
pitat4*,  insoluble  ii 
ine :  and  the  oxic 
es  readily  in  ex 
radon,  deposits  a 
er.  and  is  probabl; 
r  heat  or  by  pen 
Ine.  With  trichl 
ch  dissolves  read 
K.  concentrated  so! 
pitate,  consisting 
lies.     The  format] 

tine  passed  throe 
>mpletely  decomp 

[ff.CNH  +  CNl 
aes  from  the  tube 
e  water  acquires  i 
a,  and  the  gas  in 
>8  hydroffen,  and 
)ded  with  U  vol. 
>L  or  2  at  0,  and 
led  in  burning  th< 
mes  of  elementar 
bhat  1  molecule  ( 
1  at  nitrogen,  thi 
I  necessary  to  mil 
mixture,  aooordinj 
n,  derived  from  th 
31  xxx.  461.) 
i  aecompoeee  it  co 
K  -  CNK  +  ] 
I  which  are  nearly 
Lt  first,  while  the 
ae  probably  coota: 
It  a  higher  tempe; 
deoomposition  oei 
•ved.  (WnrtE.) 
amogen,  it  forms 
,  Cloas,  Gompt  i 

-     CH»N.Ha 

unine  ia  a  strong 
iltfl»  and  predpita 
»e  of  ethylamlne, 
lylammonium  wit] 
ijlaraine.  Cb 

•mine.  V\ 

water,  and  moat 
tting  them  from  a 
by  heating  with 

ytnate  of  Meth\ 
us  methylamine. 
he  alcoholic  aolul 
[ii*»scont 
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METHYLUBAMINE.  ICX 

VXnOSAUIOTUKS  AOIB.    See  Saxictlio  ^hibs. 
mnAWrmWTU    Cm^H)  *  CH*.(rH>H).    (St&deler,  J.  pr.  Chfl 
oomponnd  acetone,  uomeiic  with  capiylie  aldehyde,  obtamra  by  d 
e  of  equivalent  qnantitiee  of  acetate  and  osnantbylate  of  Bodiuai ;  aL 
tieptylic  or  octvlic  alcohol,  by  distilling  ridnoleate  of  potaaeium 
seas  of  caustic  alkali  (see  Hn>TTL«  Htdratb  of,  p.  144).    It  is  a  thi 
ral  liquid  of  spedfle  gmyity  0*817  at  2S^ ;  boilinff  between  171^  ai 
leU  recalls  that  of  oil  of  me ;  taste  similar,  and  lightly  burning, 
rats  on  paper ;  does  not  turn  acid  on  exposure  to  the  air,  even  in  conti 
black;  bums  with  a  bright  yellow  flame.   It  is  insoluble  in  toa^,  b 
■oportions  with  alcohol  and  ether;  mixes  with  eulpkurie  acid,  erolyi 
edpitated  from  the  yellow  solution  by  water,  apparently  unchang< 
potash,  tilver-oxide,  and  chromic  acid,  it  behaves  like  capiylic  aldehy 
pentaehtcride  of  phosphorus,  it  yields  chloride  of  octylene,  C"H'*C 
nn.  Ch.  Pharm.  ctl  269.) 

<Wr A  MTH 1  lilO    BTBXB.    Syn.  with  Hspttl-iothtlio  Era 


OZA&IO  AlOXn,    See  Oxalic  Emeas. 
OZAXXO  AOI9.    See  Oxamio  Ethbbs. 
FABABAVZO  AOXD.    See  Cholsstsofbame  (i.  926). 
VAJUkTAmTAmxO  JkOnft.    See  Tabtabio  Etkxbb. 
VBBirZDZjrB.    Syn.  with  AkuxdiHb  (L  804). 
WBMMYlULMXMMm     See  PHBtrTLAlONBa. 
F&VKaiBBS.    See  Lbad-badiglbs,  Oboamto  (iiL  508). 
VBOBVBZWaS     and    VBOSyBOWZUMS.      See    PBOsraOBt 

LNIC. 

VBoayBOBZO  AOIB.    See  Pbosfhobio  Ethbbs. 
»BO«VBOBOV«  AOZD.    See  Pbo«pkobou8  Ethbbs. 
VZyBBZBnrBi    See  PiFBBiDniB. 
»zyBBT&-OASBAMZBB.    See  Cabbamidbs  (L  767). 
•A&Z01XZ0  AOXD.    See  Saucttuo  Etbxbs. 

and  -BB&BVZOUB  ACSZBB.  See  Sblbbio  and  Sblbrio 


BT AM  M  BTB I  Mam    See  Tin-badiolbs,  OBOANia 

See  AMTDCoinr-BADiCLBSt  OBOAino  (i  344). 
See  Stbtcbkikx. 
•VXrcnrBXO  AOXB.    See  SujLPUUBio  Etbbbs. 
BmbBBOOABBOWXO  ACXB.    See  Sulphocabbonio  Ethbbs. 
SmbBBOVBBHZO    AOZD     or     BV&FBAniO&ZO     AOZJ 
id  by  dissolving  anisol  in  strong  sulphuric  add  (see  L  806). 
•TABTABZO  AOZD.    See  Tabtabio  EniBBa. 
-TBZOBZjrAMlBB.    See  Thiosikaminb. 

rBABIZWB.  C^^N*.  (Dessaignes,  Compt.  rend,  xxxviii  889.) 
d  by  heating  an  aqueous  solution  of  creatine  or  creatinine  with  mc 
urbonic  anhydride  is  then  cTolTed  without  a  trace  of  ammonia ;  the  oxi 
artly  reduced ;  and  oxalate  of  methyluramine  is  obtained  in  crystals 

»H»NH)«  +  0»    -     (C«H'N")«.C«HK)*  +  2C0«  +  H*0 
rMtiM.  Oxalate  of  Methyl, 

nramloe. 

2C*H^NK)  +  0»     -    ((?BJlPy.C*B*0*  +  200». 

Creatine, 
of  oxide  of  mercury  is  too  small,  the  dystaLi  of  oxalate  of  melhj 
lixed  with  crystals  of  creatine;  but  when  a  sufficient  quBBtity 
is  used,  the  oxalate  of  methylamine  is  obtained  in  large  qvantity  ai 
creatine.  To  separate  it  completely,  the  solution  must  be  repeated 
oohol  and  evaporated.  It  may  also  be  produced  by  treating  creati 
of  lead  and  s^phurie  add ;  but  this  method  does  not  yield  so  pure 
preceding.    (Dessaignes,  Ck>mpt  rend,  xli  1268.) 
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ien  the  optic  axee  is  small,  not  amounting  to  5^,  while  in  others,  viz. 
,  it  Taries  Detween  46°  and  65®. 

micas  maj  be  dirided  into  potash -micas,  containing  little  or  no 
»beine  again  subdirided  into  those  which  contain  lithia,  and  thone 
from  that  alkali;  and  maffhesia-micas,  containing  for  the  moet  part 
per  cent,  of  maeneeia.  The  micas  which  do  not  contain  magnesia  are 
i  the  optic  angle  of  the  axes  is  the  largest :  hence  they  are  commonly 
IS  biaxial  micas. 

eren  of  the  same  snbdiTision,  present  snch  differences  in  chemical 
;  least,  aocoiding  to  the  analyses  &at  haye  hitherto  been  made  of  them), 
an  easy  matter  to  bring  them  nnder  general  fbrmnlae.  According  to 
rg,  however,  tiiey  may  be  repesented,  with  considerable  anproach  to 
lows,  M  denoting  a  mon-atomic^  and  R  a  sesqui-atomic  metsl : 

-mics 2M*0.3SiO«  +  n(2R*0«.3SiO«) 

siarmica        ....     2MK).SiO«  +  n(2R»0».3SiO») 

I  these  formnlsB,  the  magnesia  micas  are  orthoeilicates,  both  terms  of  the 
i  being  reducible  to  the  form  M*SiO\  whereas,  in  the  formula  of  the 
>nly  the  second  term  can  be  thus  reduced,  the  first  containing  2  at. 

L  POTABH-MXCA. 

a.  Not  eontaimng  lAthia, 
m  Common,  ObUqtte  or  Biaxial  Mica,  Muscovy  glass,  Verre  de  Muscovie, 
art — This  mineral  occurs  in  trimetric  forms,  usually  hemihedral,  and 
slinic  aspect  ooP  :  ooP  »  120®.  Cleavage  basal  eminent;  occasionally 
igles  to  two  opposite  sides  of  oP;  separating  in  fibres.  It  also  forms 
lervable  by  internal  markings  or  by  polarised  light;  face  of  comnosition 
Folia  sometimes  aggregate  in  stellar  or  plumose  groups.  Hardness  » 
dfic  gravity  —  2'76  to  3*1.  Lustre  more  or  less  peariy.  Colour  white, 
n,  and  violet-yellow,  sometimes  brown  and  dark  olive-green ;  colours 
i  axial  and  diametral  directions.  Streak  uncoloured.  Transparent  to 
bin  lamins,  fiexible  and  elastic.  Very  tough.  Sectile.  Biaxial ;  angle 
ixes  varying  from  46°  to  76°. 

1,  it  ffives  OTmore  or  less  water,  which  exhibits  with  ^lass  the  reaction 
i  acid.  Melts  before  the  blowpipe  more  or  less  easily,  to  a  gre^  or 
fied  glass.    Gives  widi  fluxes  the  reactions  of  silica  and  iron  (sometimes 

.  From  Litchfield  in  the  State  of  Maine:  white  (Smith  and  Brush). 
f  Carlow,  Ireland:  ney;  angle  of  axes  ■-  72°  18'  (Ha  ugh  ton). — 
valley,  County  of  Widdow:  angle  of  axes  ■-  70®  4';  specific  gravity  * 
ton ).— <i  Ceux,  near  St  Etienne  in  the  Yosges :  grejrish- white,  reddish 
light;  specific  gravity  i«  2*817  (Delesse). — e.  ^idovacz,  in  Hungaiy : 
gravity  a  2*817  (kussin).— /.  SchwarMUstein,  Zillerthal  (chrome- 
|:  green  (Schafhiiutl).— ^.  Uto,  Sweden:  golden-yellow  (H.  Bose). 
Siberia  (H  Rose). 
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44-60 
36-23 

i*3'4 

b-3V 

0*60 
6-20 
4-10 
6*26 

4*4*64 
30*18 

'6*36 

0*7'2 

iWo 

'6-3*2 

44*7*1 
8018 

'4*6*9 

b-9b 

1*09 
9*91 
1*27 
6*22 

46*28 
8303 

3-48 

2*10 

8-87 
1-46 
412 

48*07 
38*41 

loi'o 

'3*42 

0*36 

47-96 

34*46 

3*96 

1*80 

0*71 

0*69 

10-76 

0-37 

0*63 
47*60 
37-20 

8-20 
0-81 

.• 

*  0 

2-63 

0-28 
47*19 
33*80 

4*47 

I  2-68 

0*13 
8*36 

4-07 

98-60 

99*61 

98*92 

99-28 

10000 

100-92 

101*47 

100*87 

:a  is  a  constituent  of  »granite  and  its  associate  rocks,  gneiss,  syenite  and 
occurs  also  in  more  recent  aggregate  rocks ;  also  in  imbedded  crystals 
nestone,  wacke,  trachyte  and  basalt.  Coarse  lamellar  aggregations  of 
le  matrix  of  crystals  of  topaz,  tourmaline,  and  other  mineral  species. 
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fbMi  eaaily  belbre  the  blowpipe  to  a  white  enamel,  and  eolonra  the 


i;  raaei  eaauy  before  the  blowpipe  to  a  wtute  enax 
eitsendorff).— /  Sak  in  Sweden  (St  an  berg). 


a. 

». 
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4. 

r. 
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4-20 
4014 
17-36 
trace 

'28-io 

10-66 
0-63 

trace 

40-36 

16-46 

trace 

'29-66 

7-28 
4-94 
0-96 

trace 
40-3 
16-08 
trace 

*80-26 

607 
4-39 
2-66 

0-22 

37-64 

19-80 

1-80 

0-10 

30-82 

7-17 
1-00 
1-61 

3-30 
41-30 
16-35 

1-77 

*28-79 

9-70 

066* 

0-28 

0-62 

42-64 

1306 

7-90 

106 

26-98 

608 

317 

100*99 

99-48 

99-80 

100-16 

101-14 

100-46 

•  With  llthU. 

ica  is  eepedallj  charaeterifltie  of  gnumlar  limestone.  The  phlogopites 
change,  losing  their  elasticity  and  becoming  pearlr  in  lustre,  often 
ots,  as  if  from  the  hydration  of  the  oxide  of  iron.  Li  some  cases,  an 
ite  has  been  obseired. 

mgonal  Mica.  Uniaxial  Mica. — ^Probably  trimetric,  formerly  snp- 
IponaL  Occurs  usually  in  tabular  prisms  with  basal  cleavage,  highly 
n  also  in  foliated  masses.  Refraction  biaxial;  angle  between  the  axes 
udness  «  2-6  to  8.  Specific  ^Wty  «>  2*7  to  8*1.  Lustre  pearly, 
on  the  terminal  feces  (Xf  the  prism.  Colours  xarious,  as  in  tne  pre- 
usually  dark  green,  brown,  or  nearly  black;  sometimes  white  or 
Jc  unooloured.    Transparent  to  opaque.    Thin  laminae,  flexible  and 

<Vom  Lake  Baikal  in  Siberia  (H.  Rose).  -^&  Yesurius:  yellowish 
>d(G.Bromei  s).— c.  Monroe,  New  York :  dark  green  (v.  K  o  b  e  1 1). — 
imace,  near  Monroe:  dark  green  (t.  Hauer). — e.  Schwarzenstein  in 
green  (chrome-mica)  (Schafhautl). — /.  Eifel:  pinchbeck  brown 
From  the  protogyne  of  the  Alps :  dark  green ;  specific  gravity  «  3-127. 
Q  before  tne  blowpipe :  perfectly  decomposible  by  hydrochloric  acid 
(Lbberfoss  in  Finlana  (Syanberg). 
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2'6-9'7 
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0*87 
8-78 
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0-60 
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2*1-64 
10-83 
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0-20 

4*0-21 

19-09 

7-96 

2*1-1*6 
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6-22 
0-90 
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47-68 

16-16 

6-72 

5-90 

106 

11-58 

7-2*7 
117 
2-86 

4*3-1*0 
1606 
26-84 

10-82 
0-81 
4-62 
0-82 
1-60 
1-03 

1-68 
41-22 
13-92 
26-90 

1-09 
4-70 
2-58 
6-06 
1-40 
0-90 

0-29 
39-44 

9-27 
37-39 

2-67 
3-29 
0-76 
6-06 

9716 

99-02 

99-73 

98-97 

98-38 

103-69 

100*34 

98-06 

s  perhaps  identical  with  the  preceding ;  indeed  no  definite  line  of 
t  be  drawn  between  them.  Since  the  percentage  of  iron  decreases, 
b,  as  the  magnesia  increases,  part  of  the  iron  must  be  present  as  ferrous 
elsberg.) 

tite  occurs  in  brilliant  well-defined  crystals ;  that  from  Greenwood 
ork,  in  large  yenr  regular  rhombic  prisms,  and  tetrahedral  pyramids, 
altered  to  rubelfan  and  steatite ;  it  has  also  been  observed  altered  to 
Tyrol. 
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ler  the  microscope,  fresh  milk  appears  ns  a  clear  liquid  in  which  the 
'.-globules  are  suspended.  They  vary  considerably  in  size  (diameter  >» 
%"  and  0001 8"),  and  rarely  in  fresh  milk  attain  the  diameter  of  0*0038*. 
idditiou  of  reagents,  they  appear  merely  as  globules  of  fat. 
\,  proved  the  existence  of  an  external  envelope ;  he  added  a  etic  add  to  the 
id  that  the  shapes  of  the  globules  were  thereby  distorted.  Mitscherlicb 
)  globules  were  not  dissolved  when  milk  was  shaken  up  with  ether,  which 
en  the  case  if  they  were  a  simple  emulsion  of  fat ;  if,  however,  caustic  potash 
)f  potassium,  which  dissolves  the  envelope,  was  previously  added,  the  ht 
solved  by  ether.  Lehmann  also  reo'uu'ked  that  the  surfiEice  of  the 
lilk  merely  treated  with  ether,  appeared  less  transparent,  turbid,  and 
f  it  had  been  coagulated ;  the  ether  took  up  the  fat  on  the  addition  of 
sodium.  Moleschott  acted  on  the  ooagulum,  obtained  by  addins 
Ik,  with  acetic  add,  and  extracted  the  &t  with  ether ;  thwe  remained 
)n  fat  envelopes  in  the  form  of  little  vesides,  which  he  was  able  to  fill 
»!  solution  of  chlorophyll;  they  contained  no  &t  From  this  he  not  only 
istence  of  the  fat  envelopes,  but  conduded  also  that  they  are  organised. 
P*y«o/.  Heilk,  xL  p.  696-708.) 

nd  of  morphological  elements,  the  so-called  grantdar  bodies  {corps 
lostrumkorperchm),  occurs  in  the  colostrum  (the  milk  secreted  during 
iv  three  days  after  parturition).  They  consist  of  irregular  conglomerations 
fiit-yeddes,  united  by  an  amorphous  and  somewhat  granular  substance, 
ir  a  about  0*0111"  (Henle),  but  varies  between  00063"  and  0*0232". 
ich  more  easily  dissolved  by  ether  than  that  of  milk-globules.  They  are 
potash  or  by  acetic  add;  iodine-water  imparts  an  intensely  yellow 
m;  hence  they  consist  of  very  small  globules  of  fat  imbedded  in  an 
ibstanoe.  They  are  found  in  human  nulk  up  to  the  third  or  fourth  day 
th,  sometimes,  however,  as  late  as  20  days  after.  Moleschott  found  in 
.  of  cows,  together  with  milk-globules,  five  different  kinds  of  granular 
3bules  {loe,  cU,). 

ostmm  ia  at  first  yellow,  on  the  first  and  second  day ;  it  then  beoomes 
a  the  third  or  fourth  day  becomes  white.  According  to  G-.  V eit,  in  the 
ostmm  to  milk,  the  milx-globules  (which  cohere  in  the  colostrum)  lose 
and  the  larsest  (above  0*00166"  in  diameter)  disappear,  when  a  richer 
rmed,  and  idbunin  ceases  to  be  present  in  the  milk.  The  secretion  of 
}eginB  on  the  fourth  day  at  the  earliest,  but  generally  between  the  sixth 

eells  and  mucus^lobules  are  of  only  accidental  occurrence  in  milk. 
ITS  only  when  the  milk  contains  blood. 

injiuoria  or  plants  low  in  the  scale  of  organisation  are  found  in  blue 
id  in  that  of  women  (Vogel).  T.  Fuchs  ascribes  the  blue  ooloiir  of 
iusorium  which  he  calls  fthrio  cyanogeneus  ;  Bailleul  ascribes  it  to  a 

-The  analysis  of  milk  is  attended  with  considerable  difficulties.  It  ia 
tible  to  obtain  a  perfectly  dry  residue  by  evaporation,  since  the  casein, 
1  fat,  forms  crusts  which  are  impermeable  to  steam,  and  these  are  often 
,  thereby  occasioning  loss.  The  casein  is  not  completely  predpitated  by 
fft  remaining  in  solution ;  ndther  does  dried  casein  part  with  all  its  fat 

may  be  approximately  estimated  by  evaporating  milk  on  a  water-bath  or 
»t  to  dryness,  adding  acetic  add,  and  extracting  the  dried  residne  succes- 
ber,  alcohol,  and  water  (Schererand  Dumas)— or  one-fifth  of  its  wei^t 
;ypsum  is  stirred  up  with  the  milk  before  evaporation,  whereby  spirting  is 
asein  becomes  insoluble  in  all  solvents,  and  the  dried  residue  is  rendered 
sable.  The /a/  may  then  be  extracted  by  ether  and  alcohol  The  solid 
Brmined  by  evirating  1  to  3  grammes  of  milk  in  vacuo,  or  in  a  water- 
ng  the  residue  in  an  air-bath,  or  in  vacuo  at  120°.  In  order  to  determine 
ried  substance  must  be  ignited  in  oxygen  gas.  (Haidlen.) 
le  milk  for  this  purjKwe  must  not  be  add.  To  determine  the  sugar,  the 
»  employed  which  is  left  when  casein  is  predpitated  by  sulpnate  of 
'  chloride  of  caldum,  and  the  excess  of  base  predpitated  by  potash ;  or  the 
ict  obtained  in  Haidlen's  method  of  estimating  cai^ein  may  be  used.  The 
;ar  is  determined  by  Fehling^s  sugar-test,  or  by  polarised  light, 
er  (J.  pr.  Chem.  Ixxxiv.  145;  Jahresb.  1861,  p.  873)  ev-aporates  the 
-fUters  nearly  filled  with  pure  sand  or  pulverised  quarts,  previously  well- 
hydrochloric  acid  and  ignited.  The  filters  are  first  dried  by  expoping, 
rent  of  air  at  110°,  on  a  stand  of  peculiar  construction  which  allows  the 
3T 
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Gm»  of  the  paper  to  be  exposed  to  the 
milk  is  then  poured  upon  them,  taldng 
irfaoe  of  the  sand  and  not  to  wet  the  on 
posed  in  the  drying  chamber  to  a  cnrTen 
iir  no  longer  deposits  moistnre,  after  i 
L05^  and  kept  at  that  point  for  half  an  ] 
n  hour  oyer  chloride  of  caldnm,  and 
f  solid  eonstitnents  in  the  milk.  To 
trith  anhydrous  ether  in  funnels  closed 
s  prorided  with  spring-clamps ;  the  eih 
run  by  opening  the  sprmg-dampSfthis  op 
rinsed  two  or  three  times  with  ether,  tb( 
^ty  of  fat  The  sugar  and  soluble  sal 
r  with  warm  water  (about  90  c  c),  an 
s  determined  by  again  drying  and  weighi 
ueous  solution  is  then  determined  by  ti 
the  difference  giyes  the  amount  of  solu 
gar,  and  soluble  salts,  deducted  from 
determined,  siyes  the  quantity  of  insc 
ilightly  soluble).  To  determine  the  toti 
quantity  of  the  milk  fslightly  acidulates 
rer  the  water-bath  and  thb  residue  is  ooi 

lowing  are  analyses  of  human  milk  at 
)  milk  of  diffinent  i^winmln, 
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ilk  is  thus  the  richest  of  all  milks ;  that 
d  cow's  milk  stand  pretty  close  to  one 
tituted  for  the  first ;  coVs  milk  is,  how< 
le  milks  of  the  ass  and  mare  are  the  poo 
of  butter  and  of  casein,  but  are  proporti< 
>ra  differs  from  that  of  the  herbiyora  by 
)r  proportion  of  fiit 

fourteen  analyiet  made  at  dilferent  periods,  witi 

luble  talu  were  weighed  with  the  casein,  the  • 

cent. 

nd  Wll  I  *f,  Jahresb.  18M,  S«4. 
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ConatituenU  of  MUk. 

i.  810).  Simon  found  4*0  par  cent  casein  in  human  colostnim,  and  2*15 
[6  milk  six  days  after  delivery.  Milk  varies  in  composition  at  different 
Bty.  In  the  case  of  two  cows  fed  with  hay,  oat-straw,  beet-root,  oil-cake, 
,  the  milk  obtained  in  the  mommg  (4  ▲.!£.)  contained  2*56  and  2*51  per 
aid-day,  2-23  and  2*38  respectively.  In  another  case,  the  milk  contained, 
,  2*24  and  2*25 ;  at  mid-day,  2*37  and  2*36 ;  in  the  evening  (7  p.m.),  2*70 
cent,  casein  respectiveljr  (Struckmann  and  Bodeker^  Heynsins 
portion  of  coVs  milk  richer  in  casein  than  the  last  portions.  Accord- 
IS  and  Becquerel,  the  amount  of  casein  inhuman  milk  varies  directly 
itity  yielded ;  in  cow's  milk,  inversely  as  the  quantity.  The  milk  of 
bins  about  0'8  per  cent,  more  casein  than  that  of  blondes.  Women  of 
tion  yield  almost  normal  milk,  while  those  of  vigorous  constitution  yield 

casein.  In  acute  diseasu,  out  of  19  cases,  the  average  percentage  of 
40  per  cent  (3*291 — 6*671) ;  and  in  27  cases  of  chronic  diseases,  3*257 
11 — 3*989)  (Vernois  and  Becquerel).  The  milk  of  nurses  between 
rs  old  contains  5*574  per  cent  casein  and  extractive  matter ;  20 — 25, 
;  25—30,  3*653  percent ;  30—35, 4*233  percent ;  35 — 40,  4*207  per  cent 
>ns  substance  has  been  met  with  in  muk,  and  especially  in  colostrum, 
Agulated  by  rennet,  but  is  precipitated  by  boiling.  This  is  supposed  to 
G.  Veit  remarked  that  the  colostrum  of  women,  up  to  the  third  day 
coagulated  entirely  or  in  part  on  heating.  It  afterwards  lost  this  pio- 
itrate  obtained  &om  the  acid  colostrum  of  the  cow,  after  adding  chloride 
e  no  turbidity  with  acetic  add,  but  yielded  a  precipitate  with  tannin, 
ind  by  heat ;  on  addinff  ammonia  and  boiling,  an  abundant  precipitate 
it  the  liquid  remained  unchanged  when  treated  in  the  same  way  with 
[ence  albumin  must  have  been  present  (Moleschott).  Vernois  and 
lund,  in  the  milk  of  the  buffalo-cow  and  of  the  goat^  1*3  per  cont  albumin, 
ind  0*5  per  cent  albumin  in  cow's  milk  previously  coagulated  with  acetic 
ecipitated  by  boiling  ;  but  if  the  milk  was  previously  boiled  and  coagu- 
acid  at  40^  C,  no  turbidity  was  produced  in  the  filtrate  by  acetic  acid 

Albumin  is  also  found  in  nulk  in  inflammatory  diseases  of  the  mammary 
len  it  contains  blood  and  pus.  Nevertheless,  it  must  be  remarked  that 
»ared  a  kind  of  casein  £R>m  normal  milk,  which  coagulated  by  heat ; 
lilk  sometimes  becomes  thick  on  heating,  but  returns  to  its  previous  state 
[)umas.) 

it  of  human  milk  has  not  been  examined  qualitatively  with  any  degree 
The  butter  of  cow's  milk  has  however  been  more  particularly  investi- 
milk-&t  is  a  colourless  or  very  pale  yellow  substance,  solidifying  at 
pon  the  temperature  rises  to  32^.  U  is  soft  and  sticky  above  18<'. 
^9  pts.  of  boiling  alcohol  of  specific  gravity  0*822.  It  readily  becomes 
sure  to  the  air,  yielding  volatile  &tty  adda^  and  then  deddedfy  reddens 
y  be  completely  saponified,  and  then  yields,  together  with  glycerin,  mar- 
tpric,  capiylic,  capioic,  and  butyric  adds,  or  instead  of  the  two  last, 
Lerch),  or,  according  to  Hdnts,  oleic  and  butic  (C"H^,  melting-point 
stearic,  palmitic,  and  mystic  adds  (Chevreul,  8ur  les  Corns  gras^ 
lis,  Ann.  Ch.  Pharm.  xhi.  46,  &c.;  Heintz,  Ann.  Ch.  Pharm.  Ixxxviii 
f.  Ann.  xc  137).  Bromeis  reckons  the  composition  of  butter  according 
ies  of  acid  found  «  68  per  cent  maigarin,  80  per  cent  elain,  and 
diar  butter  &t ;  but  the  components  of  butter  seem  to  vary  considerably. 


Peremtage  of  Fat  in  different  kinds  of  Milk. 

3*90  (Bouflsingault) 
4-38(Pogsiale).  (Av 
8*4  (BufiSlo  oow.)  ) 
3*61  (Paris  cow.)   J  Becquerel), 


3*90  (Bouflsingault). 

4-38  (Fogsiale).  (Average  of  10  bmIjwm.) 


Human* 
Simon). 

!— 3'345(Clemm). 
lier  and  Henry). 
J6— 5*642)    (Vernois  and 
I. 

Cow, 
Simon), 
lier  and  Henry). 

ne  dayi,  and  twelve  days  after  birth  i  ..  .„ . 

•  (Ann.  Chem.  Pharm.  ctUI.  64)  found  tn  the  milk  tmm  the  enlarged  breaiC  of  a 

Doiu  amoont  of  98*5  per  cent.  tax. 

3  T  2 


Mare. 
6*952  (Clemm). 
2*44  (Vernois  and  Becquerel)^ 
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Qi  4*66 ;  blondei^  4*47.  Simon  fbond  7  per  eent  milk-sogar  in  human 
e  milk  nx  days  after  birth,  6*24  per  cent ;  afterwards  the  qnantitj  de- 
ind  of  food  inflnenoes  the  percentage  of  milk-sogar  to  a  certain  extent, 
that  it  almost  disappeared  from  canine  milk  when  the  animal  was  fed 
[  meat ;  on  sabstitating  yegetable  food,  the  quantity  of  milk-sngar 
lerably.    Po^giale  found  in  the  milk  of  a  bitch  fed  with  meat 

per  cent  milk-sugar,  but  after  the  animal  had  been  fed  ezdosiTel  j 
days,  only  1-82  per  cent.  According  to  the  observations  of  Simon 
B  and  Becquerel,  rich  or  poor  nourishment  does  not  sensibly  affect 
if  lactin ;  it  Tariee  as  the  quantity  of  milk.  The  milk  of  women  from 
Id  contains  3*523  per  cent  milk-sugar ;  from  20—26,  4*472  per  cent ; 
)r  cent ;  30 — 35,  8*953  per  cent ;  35—40,  8*960  per  cent  In  the  first 
'h,  the  quantity  of  sugar  in  the  milk  decreases,  but  it  increases  oon- 
fie  eighth  to  the  tenth  month  (Yernois  and  Becquerel).  The  milk 
in  the  morning  4*30  per  cent  sugar ;  at  midday,  4*72  per  cent ;  in  the 
fStruckmann  and  Bodeker).  Heynsius  found  that  the  last 
's  milk  contained  less  sugar  than  the  first  According  to  Simon, 
ers,  the  percentage  of  su^  does  not  sensibly  yaiy  in  disease.  Acoord- 
and  Becquerel,  this  is  the  case  only  with  ckrimie  diseases,  whereof 

average  amount  was  4*837  per  cent ;  in  aeuie  diseases,  only  3*310 

Me  salts  of  milk  consist  of  chloride  of  sodium,  chloride  of  potassium, 
ates,  and  soda  and  potash  combined  with  the  casein ;  the  wwo- 
tes  of  calcium  and  ma^esium,  chiefly  combined  with  casein ;  sulphurie 
ia-salts  are  not  contained  in  fresh  milk.  Haidlen,  Scheven,  and 
id  a  little  ferric  oxide  in  milk. 

Percentage  of  Ash  in  difSarent  kinds  of  MOk. 


Human, 
loet  diemists). 
-0*338)  (Vemoisand 

Caw. 

and  Becquerel). 
Bitch. 

and  Becquerel). 
ggiale). 

Goat. 
and  Becquerel). 


SOWm 

1*09  (Scheyen). 

JSi. 

0*62  (Yernois  and  Becquerel). 

0*62  (Yemois  and  Becquerel). 

Sheep. 
0*72  (Yemois  and  Becquerel]i 


Becquerelfonndin  the  milk  of  women  from  16— 20  years  old,  0*180 
20-25,  0*148;  26—80,  0*146;  80—85,  0*144;   86—40,  0'106  per 

cow  yielded  in  the  raominff  0*83  per  cent  ash ;  at  midday,  0*72 ;  and 
78(Struckmann  and  Bodeker).  Heynsius  found  slightly  less  ash 
in  the  first  portion  of  cow's  milk ;  but  tLe  soluble  and  insoluble  salts 
I  same  relations  to  one  another.  The  first  portions  contained  0*78 
the  last,  0*69  percent  Yernois  and  Becquerel  found  that  the 
ilts  increased  both  in  chronic  and  in  acute  diseases  (0*178  and 
;  in  acute  enteritis,  0*174  per  cent;  acute  pleurisy,  0*079;  typhus^ 

of  soluble  salts  is  generally  nearly  the  same  as  if  insoluble.  In  human 
0*4 — 0-9  per  cent  soluble  salts ;  in  coVs  milk,  0*21  per  cent  soluble,  and 
loluble  salts.  According  to  W  e  b  e  r 's  analysis,  the  ash  of  cow's  milk  con- 
ent.  chloride  of  potassium,  4*74  per  cent  chloride  of  sodium,  23*46  per 
6  per  cent  soda  (combined  with  phosphoric,  sulphuric  (?)  and  carbonic 
ent  phosphoric  acid,  17*34  per  cent  lime,  and  2*20  per  cent  magnesia, 
hosphoric  add  is  tribasic  Yernois  and  Becquerel  ibund  in  the 
ilk  6'9  per  cent  carbonate  of  calcium,  70*6  per  cent  jphosphate  of  cal* 
it.  chloride  of  sodium,  7*4  per  cent  sulphate  of  sodium,  and  6*8  pez 
Its. 
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of  a  comnimptiTe  oow  yielded  a  laijp^e  quanti^  of  cream,  but  did  not  eoagn- 
7  rennet  or  on  boiling.  It  contained  24*97  per  cent  solid  residue,  10 '18 
lein  and  insoluble  saJts,  10*73  per  cent  butter,  4*09  per  cent,  lactin,  and 

ke  most  indigestible  of  all  oncoagnlated  albnminolds ;  its  solubility  in  the 
depends  upon  the  consistence  of  its  coagolmn.  Human  milk  is  more 
sted  than  coVs  millL  Frerichs  found  that  2^  hours  after  he  had  fed  a  dog 
ftll  had  disappeared  from  the  stomach  except  a  few  flakes,  Tory  rich  in 
Dtroduced  into  the  stomach  was  instantly  coagulated,  and  the  serum  was 
rbed,  while  the  coagulum  formed  bulky  and  more  or  less  hard  clots.  The 
milk  does  not  begin,  properly  speaking,  until  the  liquid  portion  has  been 

Q  haa  shown  that  the  percentage  of  fat  in  milk  is  in  no  way  dependent 

lount  of  sugar  in  the  food. 

\ias  remarked,  and  his  experiments  hare  been  confirmed  byPoggiale, 

k.  of  bitches  fed  exclusively  on  meat  still  contained  milk-sugar,  showing 

I  formed  in  the  organism  from  albuminoids. 

k  contains  30  pts.  unnitrogenised  substances  for  eyerr  10  plastic ;  human 

imnitrogenised  for  every  10  plastic  (Liebig).    Cows  milk  contains  3*78 

^rogen ;  human  milk  1*69  per  cent    A  oow  yields  in  24  hours  about  6^ 

It  6  kgr.  of  milk. 

lect  to  the  generation  of  milk,  Lehmann  and  others  do  not  suppose  that 

nts  of  milk  are  derived  directly  from  the  blood.    Neither  casein  nor  lactin 

ected  in  blood.    The  sugar  of  blood  is  fermentable.    Fat  might  transude 

)od,  but  it  is  not  probable  that  it  does  so ;  since  cholesterin,  which  tran- 

nuch  fitcility,  is  not  found  in  milk,  and  little  if  any  butyrin  is  found  in 

i  composition  of  the  milk-salts  also  differs  widely  from  that  of  the  salts  of 

milk :  adidterations. — Fresh  milk  ought  not  to  change  its  appearance  on 
ir  milk  deposits  dots,  or  partly  coagulates  on  boiling.  A  simple  instm- 
a  lactometer,  for  roughly  estimating  the  amount  of  cream  in  milk, 
istructed  by  Banka  It  consists  of  a  glass  tube  having  an  internal  diame- 
imetres,  and  about  17  centimetres  high.  A  circular  ring  scratched  on  the 
es  a  capacity  of  two  decilitres.  AWe  this  line  30  small  divisions  are 
ndicating  yj^^th  of  the  total  capacity  of  the  vessel  up  to  the  highest  division 
rhe  vessd  is  filled  up  to  0^  and  allowed  to  stand  for  24  hours ;  the  thickntss  of 
>f  cream  may  then  be  read  off.  Another  method  is  that  of  Doab  ^  fie  haa 
instrument  called  a  galactoscope,  which  measures  the  opacity  of  milk; 
pacity  indicating  more  fat-globules,  and  thus  a  greater  amount  of  butter, 
f  a  tube  with  a  glass  plate  fitted  at  one  end,  and  at  the  other  a  movable 
The  milk  is  intrmiucea  by  means  of  a  small  fiinnel,  and  the  tube  is  len^- 
wing  out  the  movable  plate  until  the  liquid  no  longer  transmits  the  bght 
iced  at  a  certain  distance.  The  plate  is  then  screws  in  until  the  light  of 
rendered  just  visible.  According  to  Donn^, milk  which  removes  the 
,  indicates  3*627  per  cent  butter;  31^  289  per  cent  butter.  40®  to  36®  of 
iope  «  6  per  cent  cream  (poor  milk) ;  36^  to  30^  «  6*10  per  cent  cream 
Ik);  30®  to  26^  -  10  to  16  per  cent  cream  (good  milk);  26^  to  30<^  » 
r  cent  cream  (veiy  rich  milk) ;  and  20^  to  16®  indicates  an  exceedingly 
le  last  portion  from  the  cow. 

common  adulterations  of  milk  are  the  following : — Milk  obtained  the  day 
imed,  in  order  to  sell  the  cream  separately ;  sometimes  the  creamed'  milk 
h  fresh  milk,  and  about  half  its  own  Tolume  or  more  of  water  is  added  to 
Sometimes  a  colouring  matter,  such  as  brown  extract  of  diiooiy,  caramel, 
I  to  disguise  the  bluish  colour  of  milk  thus  adulterated.  The  colouring 
Ins  in  toe  serum  when  the  milk  is  coagulated,  and  may  then  be  detected 
Flour,  starch,  and  finely-powdered  cha&  are  also  used  to  adulterate  milk, 
readily  subsides,  it  may  then  be  recognised  by  its  effervescing  with  hy- 
id.  l!he  starch-granules  may  be  rea£ly  detected  under  the  microscope, 
ished  from  the  milk-globules ;  if  a  polarising  apparatus  be  adjusted  to  the 
Mch  of  the  ^;ranules  will  appear  marked  with  a  black  cross.  The  addition 
>f  iodine  will  also  indicate  the  presence  of  starch,  by  imparting  to  it  the 
I  blue  colour.  The  macerated  brains  of  sheep  and  other  aniinals  are  said 
nes  added  -to  milk.  In  this  case,  the  microscope  would  readily  detect  the 
ragments  of  nerve  and  other  organised  structures,  which  are  not  piesent  in 
The  addition  of  water  is  not  so  easily  detected,  since  if  cream  has  been 
the  milk,  its  specific  gravity  will  increase,  while  the  addition  of  watef 
}  it.    It  may  however  be  detected  by  the  galactoscope,  if  no  starch  or 
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uuolnble  in  alcohol  and  in  ether,  but  diMolTM  leadily  in  dUtUUd 
ing  out  unaltered  on  evaporation. 

. — I.  Dry  milk-angar  tnms  brown  when  heated  to  about  160^,  without 
V^  gives  off  water,  and  yielda  laetocaramel,  C^IPK)**.  At  %02P  it 
gher  temperature  yields  humus-like  substances. — 2.  Milk-sugar  boil«d 
wie  acid  is  converted  into  lactose  {yid,  ii^,) ;  the  same  transformation 
be  produced  by  prolonged  boiling  with  water. — 8.  Strona  ntlpkurie 
uid,  and  tUkalis,  decompoee  it,  especially  when  heated,  with  for- 

or  black  products. — 4.  Milk-sugar  is  easily  decomposed  hroxidmn^ 
*eB  metaUic  nlver  from  silver-solutions  (Liebig,  Ann.  Ch.  Pharm. 
idution  of  milk-suffar  mixed  with  potash  dissolves  cuprie  hydrate, 
lue  solution  which  deposits  cuprous  oxide,  even  in  the  oold.  From  a 
vhcuprie  tartrate,  it  throws  down  a  smaller  quantity  of  cuprous  oxide 
{luoose  (ii.  860).  Distilled  with  oxidising  mixtures,  such  as  eulphurie 
e  of  manganeee,  it  yields  formic  acid.  With  nitric  acid,  it  forms 
tartaric,  and  a  small  quantity  of  racemic  acid,  and  finally  ox^e  acid. 
trie  acid  or  a  mixture  of  nitric  and  eulphurie  acide  converts  milk-sugar 
n-product  called  nitro-lactin,  which  is  precipitated  from  the  acid 
%  and  crystallises  from  alcoholic  solution  in  nacreous  lamina  deton- 
d.  (Reinseh;  Vohi,  Jahresb.  1849,  p.  470.) 
^  is  heated  to  100^  for  some  hours  wiu  bromine  and  water,  thero  is 

by  direct  addition  of  bromine,  a  brominated  compound,  which  when 
lases,  yields  isodiglycolethylenie  or  lactonic  acid  (p.  414). 
not  brought  imme£ately  by  yeast  into  the  state  of  alcoholic  fermen- 
i  it  is  left  for  some  time  in  contact  with  yeast,  fermentatioD  gradually 
\eese  or  gluten  is  used  as  the  ferment,  the  milk-sugar  is  converted  into 
1 ;  iii.  455).  Alcohol  is,  however,  always  formed  at  the  same  time, 
balk  is  added  to  neutralise  the  acid  as  it  forms;  the  quantity  of  alcohol 
'  also  as  the  solution  is  mora  dilute. 
—Milk-sugar  unites  with  bases,  but  the  compounds  have  not  been 

It  difiers  from  glucose,  in  not  forming  a  definite  compound  with 
im.     It  absorbs  about  12*5  per  cent,  ammonia-^as,  which,  however, 

on  exposuro  to  the  air.  It  dissolves  in  strong  caustic  potash^  forming 
»m  which  alcohol  throws  down  white  flocks  containing  12*4  per  cent 
K)und  is  easily  decomposed  by  adds,  even  by  carbonic  acid,  tne  milk- 

from  it  unaltered.  With  soda  a  similar  compound  is  formed,  con- 
ent  soda. 

nolves  easily  in  milk  of  lime,  forming  a  solution  in  which  alcohol  pro- 
ind  if  the  liquid  is  concentrated,  throws  down  a  white  precipitate  con- 
ished  and  dried,  from  11*2  to  15*7  per  cent.  lime,  baryta  forms  a 
d  containinff  40*1  puro  baryta. 

intly  heated  with  oxide  of  lead,  giree  off  water.  On  digesting  the 
i  with  lead-oxide,  at  a  temperaturo  below  50°,  part  of  the  oxide 

insoluble  compound  remains  suspended,  containing  when  dried  63*5 
ide.  The  dissolved  portion  evaporated  in  a  vacuum  leaves  a  gummy 
ntaining  18*1  per  cent  lead-oxide :  ammonia  added  to  the  solution 
insoluble  compound. 

Milk-Sugar.  3Iilk-sugar  may  be  estimated  like  glucose  (ii.  865). 
ipt  rend.  xxriiL  505)  prepares  the  test-liquor  by  diraolving  10  grms. 
kte,  10  grms.  of  cream  of  tartar,  and  30  grms.  caustic  potash  in 
ed  water.  The  filtered  liquid,  which  has  a  deep  blue  colour,  is  titrated 
Jie  amount  of  pure  milk-sugar  re(^uired  to  decolorise  a  given  Tolume 
aine  the  quantity  of  sugar  in  milk,  it  is  necessary,  in  the  first  place,  to 
snd  the  casein  (p.  1016).    Milk-sugar  may  abo  be  estimated  by  its 


Products  of  the  DrantfomuUion  of  MUk-wgar, 

r  GALAOTOfiB,  C«H*<0*  (Pasteur,  Compt  rond.  xliL  347).  A  kind  of 
ith  glucose,  and  bearing  considerable  resemblance  to  it,  produced  by 
;ar  for  several  hours  with  4  pts.  of  water  and  2  per  cent  sulphuric 
i;  with  chalk,  evaporating  the  filtrate  to  a  syrup,  and  then  leaving  it  to 

llises  more  readily  than  grape-sugar,  in  nodules  consisting  of  miero- 
ectangular  prisms  acuminata  at  the  ends, — ^more  genendly  of  six- 
ed  laminsB  having  a  pen-shaped  protuberance  in  the  middle.  Dextzo- 
vc  tbt  transition  tint,  [«]   »  83*22^  at  15^ ;  in  the  recently  prepared 
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II.  Containing  Arsenic  and  Photphoric  Acids, 


As>0». 

F«0*. 

Pba 
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2317 

014 

74-68 

M 

100-28 

Btep- 

2119 

not  det«v 

76-66 

>d 
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18-47 

3-34 

76-47 

0-60 

-     101-19 

5 

22-20 

0-38 

74-62 
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99-86 

1 

21-66 

0-79 

73-87 
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98-62 
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19-58 

2-44 

7614 

» 

100-64 

III.  Containing  Lime, 

0».              P«0».             V«0».         PbO.           CaO.  CuO, 
78    not  determined   .    .        6103        14-09 

06             6-36             1-94         68-46           8*31  096   -   99-60* 

is  a  compound  of  chloride  of  lead  and  pure  tri  plumbic  arsenata^ 

under  II.  are  isomorphous  mixtures  of  true  mimetesite  and  pyro- 
ito-chloride  of  lead)  represented  by  the  formula  FbCr''.3Pb*(As ;  P)»0«. 
Brals  included  under  UI.,  the  lead  is  partly  replaced  by  calcium ;  the 

nay  be  nearly  represented  by  the  formuU  PbCl«.3[!^  D  ^P*  I  '^"] 

»ral  from  Chile  appears  to  be  hedyphane  mixed  with  a  little  Tanadate 

A.CACrA.  GUM.     See  Gux  (ii.  963). 

iZC  ACZB.    Syn.  with  CATBCHu-TAinac  Acn>  (L  817). 

E  SPZRZnrs.    Acetate  of  Alhmonium  (L  13). 

This  term,  in  its  widest  sense,  denotes  any  substance  not  formed 
'  organic  life ;  in  its  more  restricted  and  more  usual  sense,  it  signifies 
solid  or  liquid  inorganic  body,  formed  by  natural  processes,  without 
ait.  Minerals  understood  in  this  sense,  constitute  the  essential  part 
t.  It  is  usual,  however,  to  include  under  the  same  general  denomi- 
Btances  which  are  evidently  the  remains  of  orainised  beings,  chiefly 
[ived  upon  the  earth  in  former  ages,  e.g.  coal,  hgnite,  amber,  and  the 
'  fossil  resins  and  bitumens.  Such  bodies  should  perhaps  in  strict- 
ils,  but  they  are  more  usually  classed  with  minerals,  and  described 
n  Mineralogy. 

LCZB8  are  acids  of  inorganic  origin,  either  existing  ready  funned 
s,  or  formed  from  inorganic  materials  by  artificial  processes.  The 
>plied  to  the  stronger  acids,  sulphuric,  nitric,  phosphoric,  hydro- 

iTi»il1bT.    An  old  name  of  Soda.    (See  Auulli,  i.  116.) 

I&VB.  A  term  sometimes  applied  to  Prussian  blue  when  mixed 
substances,  such  as  clay,  heavy  spar,  gypsum,  &&,  which  give  it  a 

I^AOUTCBOirO.    Syn.  with  Elateiutb  (ii.  374). 

iKABKJBUMV.    Manganate  of  potassium  (p.  818). 

VWtxmKm    Scheele*s  green.     (See  G&ebn  Piomirrs,  iL  914.) 

irsZGO.  A  term  applied  by  Keller  to  the  blue  oxide  of  md^b- 
the  reducing  action  of  tin  or  stannous  chloride  on  recently  precipi* 
1     (See  MoLYBDXNiTM,  p.  1036.) 

LgRmrCS.    Amorphous  Trisulphide  of  Antdcont  (L  880). 

Z&  PZTCB,SS8ZW.     (See  PxTBOLBUM.) 

URV&B.    Gold-purple  or  Purple  of  Cassius  (iL  938). 

'A&&0'Vr.    Syn.  with  Hatchettim  (p.  14). 

■USVBTUUM.    Mercuric  sulphate.     (See  SuLPKA^ns.) 

ITATSRS.    See  Water. 

'XK&O'Vr.    A  term  sometimes  applied  to  the  yellow  oxychlorides 

nents  (p.  666). 

deduction  of  1*1  alumina  and  ferric  oxide,  2  clay*  and  li2  water. 
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impure  fbrric  milpliAte  found  at  Bammelsbeig,  near  Qoalar  in  tbi 
'•     Anenate  of  copper,    2CuO.A8*0*.   (See  Grebv  noMnrrs, 


*&    Syn.  with  Mdoniti  (p.  866). 

rova  or  JtfoM  Agate,    (See  Aoatb,  i.  62.) 

S  or  Skutterudite,   An  arsenide  of  cobalt^  Oo'Atf',  found  at  Sknttemd, 

Norway  (L  1042). 

.    Syn.   with  Lenoopyrite  or  native  proto-arsenide  of  iron,  FeAi 

NatiTe  titanate  of  iron.  (See  TrrAinuiL) 
Bb  This  term,  in  its  strict  chemical  sense,  denotes  the  smallest  quantity 
tx>dy  that  can  take  part  in  any  chemical  reaction.  Thus,  as  explained 
TOMio  Wbohts  (i.  457-469),  the  molecnle  of  water  is  assumed  to  be 
not  HO  >»  9,  beotuse,  in  the  great  minority  of  cases,  18  pts.  by  weight 
imallest  quantity  of  water  that  can  be  taken  up  by,  or  eliminated  from, 
iments  concerned  in  a  reaction.  For  a  similar  reason,  the  molecule  oi 
imed  to  be  NH'  «  17,  and  not  any  multiple  or  submultiple  thereof. 
Jhem.  Soc  Qu.  J.  XL  107.) 

ah  the  oonsiderations  by  which  the  molecular  weights  of  bodies  aie  de- 
.  be  to  repeat  what  has  abeady  been  treated  in  some  detail  in  other 
rork,  especially  that  above  referred  to  (see  also  Classification,  i.  1007). 
)  suffice  to  point  out  in  this  place  that,  aunong  the  purely  chemical  con- 
h  enter  into  the  deteimination  of  this  point,  a  prominent  place  must 
lie  manner  in  which  the  elements  of  a  compound  are  replaced  by  other 
or  compound.    Thus,  in  the  four  typical  molecules, 

HCl.  HH),  H»N,  H^C, 

the  first,  viz.  hydrochloric  acid,  must  be  either  wholly  replaced  or  not  at 
water,  either  the  half  or  the  whole  of  the  hydrogen  may  be  thus  le- 
ther  fiaction ;  and  in  ammonia,  the  substitution  ti^es  place  by  thirds ; 
IS,  by  fourths.  Affain,  sulphuric  add  is  regarded  as  dibasic,  and  repre- 
' ;  phosphoric  acid  as  trilMsic,  and  denoted  by  H'PO* ;  tartaric  add  aa 
\C*R*6*f  for  mmihir  reasons. 

iderations  likewise  enter  largely  into  the  determination  of  molecular 
in  compound  gases  and  all  compounds  whose  specific  gravities  can  be 
le  state  of  vapour,  the  molecule  is  assumed  to  be  so  constituted  that 
ble  of  the  specific  gravity,  that  is  to  say,  of  the  weight  of  a  unit-volume 
This  assumption  cannot  at  present  be  said  to  rest  on  any  physical 
found  to  be  true  in  numerous  cases  in  which  the  wdght  of  the  molecule 
Boendently  of  it  by  purely  chemical  considerations;  and  hence  it  is  ex- 
in  which  such  verification  cannot  be  obtained.  Other  physical  oon- 
li  enter  into  the  determination  of  molecular  weights  are  specific  heat, 
>morphiBm,  &c.  (See  Atokic  Wbiohts,  i.  466-473  ;  Heat,  iii.  80-40 
KORPHifiM,  iii.  423-432.) 

ecule,  as  applied  to  elements,  must  be  understood  in  a  somewhat 
rom  that  which  it  bears  when  applied  to  compounds.  The  smallest 
iementary  body  that  can  enter  into  a  reaction  is  called,  not  a  molecule, 
kud  the  molecule  of  an  element  is  the  smallest  quantity,  or  group  of 
Bxist  in  the  free  state.  Many  oonsiderations  lead  us  to  suppose  that  in 
cases,  this  group  consists  of  two  elementary  atoms,  the  molecule  of 
uimple,  being  HH.  (See  Atomic  Wxiohts,  L  466 ;  and  CmacAL, 
)  There  are  also  certain  compound  radides,  viz.  the  alcohol-radides 
c,  whose  molecules  in  the  free  state  are  generally  supposed  to  be  the 
by  which  they  enter  into  combination ;  e.ff^  free  metoyl  «•  CH'.CH'; 
tigations  on  the  relations  between  these  radicles  and  their  hydridee 
lave  thrown  considerable  doubt  on  the  existence  of  these  particular 
ules. 


Symbol,  Mo.  Atomie  Weight,  92. — A  metal  occurring  in 
I  a  sulphide  (molybdenite),  and  as  molybdate  of  lead  {wulfeniU),  The 
nras  first  distinguished  £rom  plumbago,  which  it  much  resembles,  by 
B  ;  the  metal  was  first  prepared  from  the  trioxide  by  Hj elm  in  1782. 
plete  investigations  of  the  properties  and  combinations  of  this  metal 
e  by  Berzelius  (Pogg.  Ann.  iv.  163;  vi.  361,  369;  vii.  261); 
Struve  (J.  pr.  Chcm.  xliv.  257;  Jahresb.  1847-48,  p.  408);  Strnve 
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MOLYBDENUM:  CHLORIDES.  10 

omide  or  Molyhdoua  bromidefldarB^t  is  produced,  as  ju»t  stated, 
lation  of  its  elements,  also  by  heating  the  tribromide.  It  is  a  non-Tolat 
reddish-yellow  body,  which  is  not  perceptibly  attacked  by  hydrochloi 
I  boiling  nitromnriatic  acid,  but  dissolyes  easily  and  complet^y  when  heal 
anstic  alkalis,  forming  a  yellow  solution  contaming  molybdous  oxybromic 

8MoBr«  +  2KH0     -     2KBr  +  H«0  +  Mo»Br<0. 

solutions  of  caustic  alkalis  decompose  the  bromide  completely,  with  p 
a  black  hydrated  oxide. 

r  solution  aboye  mentioned,  when  exposed  to  the  air,  gradually  depot 
;  golden  yellow  crystals  of  a  hydrated  molybdous  oxybromi< 

'0 ;  but  when  neutralised  with  an  oxygen-add,  it  yields  a  dark  yellc 
granular  precipitate  of  the  same  oxybromide  with  a  smaller  quantity 

r*0.3H*0.  The  oxybromide  dissolyes  with  yellow  colour  in  alkalis  and 
oxy^n-acids,  and  from  the  add  solutions  thus  obtained,  the  bromine  is  i 
}y  silyer  salts. — ^The  solution  of  the  oxybromide  in  dilute  aqueous  allu 
ydrobromde,  hi/drochlorie,  or  hydriodic  acid,  a  yellow  predpitate,  insolu 

soluble  in  alkalis,  and  consisting  of  jtfo^if.SHK),  lio'Bt*Ci\ZBK) 

'0. — ^Blomstrand  regards  all  these  compounds  as  containing  the  diatoi 
omolybdenum,  MoBr*,  e,g.^  the  oxybromide,  (MoBr^/O,  the  dilorobromi 
&c.     (See  page  1030.) 

romide^  Mo'^r*,  or  Molyhdoio»molyhdie  bromide^  MoBr'.MoBr*, 
iboye  mentioned,  by  direct  combination,  or  with  greater  facility  by  passi 
>ur  oyer  a  heated  mixture  of  molybdic  oxide  and  charcoaL  It  is  sometin 
separate  ciystals,  but  more  frequently  in  blackish-green  masses  consisti 
apillary,  interlaced  needles.  It  is  difficult  to  sublime,  and  at  a  bright : 
red  into  the  dibromide  and  free  bromine.  It  is  not  even  wetted  by  wat 
iked  by  boiling  hydrochloric  acid  or  by  cold  dilute  nitric  add.  Dil 
ipon  it  slowly,  and  at  the  boiling  heat  decompose  it  completely,  w 
black  molybdic  hydrate. 

ahr omide  ot  Molybdic  bromide,  Mo*^Br*,  formed  also  by  direct  co 
1028),  is  fusible  and  yolatile,  forming  a  brown-red  yapour;  it  deliques 
a  black  liquid ;  and  forms  with  water  a  yellow-brown  solution,  from  wh 
down  molybdic  hydrate  of  a  rusty  yellow  colour.  It  is  easily  resoWed 
dibromide  and  free  bromine,  the  temperatures  at  which  it  is  formed  s 
t>eing  yery  close  together. 

r omide,  Mo^'Br'.has  not  been  obtained,  but  the  corresponding  oxyb\ 
lr*0',  is  produced  by  passing  bromine-yapour  oyer  heated  molybdic  oxi 
heating  molybdic  trioxide  with  boric,  or  phosphoric  anhydride,  and  fusi 
d  mass  with  bromide  of  potassium,  e.  g. :    . 

MoO«   +  BK)«  +   2KBr     -     2KB0«  +  MoBr«0«. 

y  sublimed,  it  forms  indistinct  crystalline  scales ;  but  by  slow  sublimat 
tained  in  more  distinctly  deyeloped  crystalline  plates  of  yellow-red  col< 
re,  which  deliquesce  in  contact  with  the  air,  and  form  a  colourless  solut 

DXWMv  CBIORI9B8  OF.  Molybdenum  forms  three  cblorid 
the  bromides.  The  tri-cbloride  and  tetrachloride  were  first  prepared 
bo  also  obtained  the  dichloride  in  solution ;  these  compouads  have  bi 
Lamined  by  Blomstrand,  who  has  also  obtained  the  anhydrous  dichlor 
(xycblorides. 

de  or  Molybdous  Chloride,  Mo^Cl*. — This  compound  is  form 
1  the  other  chlorides,  by  passing  chlorine-gas  oyer  heated  molybdenum, 
ared,  though  not  in  a  state  of  purity,  by  exposing  the  trichloride  tc 
it  in  an  atmosphere  of  carbonic  anhydride,  or  other  gas  which  does  not 
y  beating  metallic  molybdenum  with  calomel ;  also,  though  in  very  sir 
passing  chlorine-gas  largely  diluted  with  carbonic  anhydride  over  mo 
I  molybdenum;  it  is  likewise  formed  in  small  quantity,  together  with 
,  by  passing  chlorine  oyer  a  heated  mixture  of  molybdic  oxide  and  ch 
le  temperature  is  yery  high.     (Blomstrand.) 

B  chloride  is  obtained,  in  solution,  by  saturating  hytlrochloric  acid  with  i 
rate.  The  dark-brown  solution  yields  on  eyaporation  a  black  mass  wh 
Imost  entirely  in  water,  but  on  evaporation  in  yacuo,  gives  off  hydrochlc 
:er,  and  is  converted  into  a  black  pulverulent  oxychloride.     (Berzeliti 
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MOLYBDENUM:  DETECTION,  1031 

1  urn  strand).  It  huR  a  dark  copper-red  colour,  and  when  heated  to 
:  of  gbiss,  in  a  Tessel  which  doea  not  allow  access  of  air,  it  volatilises 
usedly  crystalline,  dark  brick-red  sublimate  (Berselius).  It  is  in- 
but  colours  that  liquid  reddish  when  8afi|t««naed  in  it;  insoluble  also 
loHv  acid.  When  digested  with  potath  it  vields  chloride  of  potasniim 
blackish-brown  hydnted  oxide  of  molybdennuL  (Berzeliaa.) 
de  or  Molyhdio  chloride^  Mo^^CI^  This  compound,  discorered  bj 
uced  when  chlorine  gas,  firee  from,  air,  is  passea  over  gently  heated 
'he  metal  then  takes  fire  and  bums  on  the  surface  for  a  few  seoonds; 
m  ceases  and  a  dark  red  gas  is  formed,  which  condenses  on  the  cold 
el  in  dark  coloured  metaUio-shining  ciystals  having  very  mueh  the 
Blomstrand  prepares  it  by  the  action  of  chlorine  on  strongly  heated 
e  (the  native  sulphide).  The  crystals  are  very  fbsible  (Berzelins), 
t  of  ftision  (Blomstrand),  and  sublime  at  a  moderate  heat.  When 
r,  they  fume  at  the  first  instant,  and  then  deliquesce,  the  original  black 
uid  passing  through  blue-sreen,  greenish-yellow,  and  dark  red  into 
:ept  in  a  vessel  containing  air,  they  absorb  oxygen  and  yield  a  sabli- 
)f  an  oxychloride. 

ride  when  thrown  into  water,  dissolves  with  such  violence  that  the 
and  boils,  as  if  a  gas  were  ^ven  off,  which  however  is  not  the  case, 
of  the  chloride  drenched  with  a  huge  quantity  of  water  forms  a  solu« 
^ums  green  or  blue  from  the  oxidising  action  of  the  air ;  a  stronger 
permanent,  and  may  be  evaporated  to  £7nes8  at  a  gentle  heat  without 
le  tetrachloride  then  remainins  as  a  black  mass.  Molybdie  chloride 
ined  in  solution  by  disestinff  the  metal  in  hydrochloric  add,  and  add- 
rom  time  to  time  till  the  Uauid  acquires  a  red-biown  colour,  or  by 
lie  anhydride  and  pulveriaed  molvbdenum  (or  metallic  copper)  in 
,  till  all  the  molybdie  anhydride  is  dissolved  and  the  liquid  has  become 
\  solutions,  ammonii  forms  a  precipitate  of  molybdie  hvdrate. 
bdic  chloride  is  obtained,  according  lo  Berzelius,  by  mixing  a  solution 
ide  with  ammonia,  till  the  precipitate  just  begins  to  be  permanent^  and 
ion  to  evaporate^  the  double  salt  then  separating  in  small  brown 
compose  in  contact  with  air. 

lolybdic  chloride  saturated  with  sal-ammoniac  and  left  to  evaporate 
fint  deposits  brown  crystals  of  sal-ammoniac:  and  the  mother-liquor 
green  octahedrons  of  the  double  salt  8MoGl\2NH«C1.6H*0,  which 
1  moist  air  to  a  black  liquid  becoming  reddish-fellow  when  diluted, 
i  ammonia  a  yellowish-rea  precipitate  of  molybdie  hydrate.    (Blom- 

ruiK,  CH&OmoaBOMIDaS  or.    This  compound,  Mo^BrHH',  is 

ction  of  hydrochloric  acid  on  molvbdous  oxvbromide,  and  MoKll'Br* 
bromicacid  on  molybdous  oxychloride.    (Blomstrand,  pp.  1029, 


run,  Baracnnow  awb  sstimatiov  or.    i.  Blow- 

— Molybdie  trioxide  heated  on  charcoal  in  the  outer  flame  is  volati- 
white  crystalline  sublimate  on  the  charcoal ;  in  the  inner  flame  it  may 
without  carbonate  of  sodium^  to  metallic  molybdenum,  which  is  sepa- 
powder  on  levigating  the  cnarcoal.  With  borax,  all  the  oxides  of 
,  in  the  outer  flame,  a  bead  which  is  yellow  while  hot,  and  colourless 
e  inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molyb- 
By  long  continued  heating,  the  molybdie  oxide  may  be  separated 
kes,  floating  in  the  dear  yellow  glass.  With  microcosmie  talt  in  the 
ixides  of  molybdenum  give  a  bead  which  is  greenish  while  hot,  and 
ing ;  in  the  inner  flame,  a  dear  green  bead  from  which  molybdie  oxide 
ed  by  continued  heat. 

in  Solution, — a.  Solutions  of  molybdous  salts  obtained  bydis- 
s  oxide  in  adds  are  opaque  and.  almost  black.  They  yield  with  9ir/- 
rown-black  predpitate,  and  with  sulj)hide  of  amnumium  a  yellowish- 
of  sulphide  of  molybdenom  easily  soluble  in  sulphide  of  ammonium. 
line  carbonates  produce  a  brownish-black  precipitate  of  molybdous 
in  caustic  alkalis,  slightly  soluble  in  the  neutral  carbonates,  easily 
rbonate  of  potassiom  or  carbonate  of  ammonium.  Ferroeyanide  ana 
^taeeium  form  dariL  brown  predpitates  insoluble  in  excess.  Pkospkate 
,  white  predpitate. 

molybdie  aalts  have  a  reddish-brown  colour.     When  heated  in 
3U 
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%  tendencT  to  become  blue  by 
adLen  and  then  yield  a  blac 
rith  alkalis,  sulphydric  acid, 
zoepting  that  the  precipitates 
1 8  are  oolonrleas  unless  the^  coi 
»  yield  with  aci€U  a  precipitat 
They  are  coloured  yellow  bj 
jf  the  alkali-metal  R'MoS\ 
[ulphide  of  molybdenum.  Tl 
'hey  £Drm  white  precipitates  w 
ions  colours  with  salts  of  the  h 
V  with  ferric  salts ;  and  yellowii 
aces  immediately  a  preenish-blt 
preen  solution,  which  turns  b 
solution.  Mereuroua  nitrate  fom 
ckened  by  ammonia.  When 
Lded  to  the  solution  of  molyb( 
oric  acid,  the  liquid  turns  yello 
^bdic  add  combined  with  sma 
precipitate  is  soluble  in  ammoi 
tion  IS  therefore  especially  ; 
)ephoric  acid.  The  dibasic 
'  precipitate.  Arsenic  acid  giv 
ve  Eitimation,  and  8epar 
le  or  molprbdic  anhydride  (M 
I  the  di-oxide,  MoO',  by  ignitioi 
:  at  all  volatile,  may  then  be  ^ 
lonia  or  in  other  acids,  the  soli 
sidue  treated  as  above, 
separated  from  most  metals  by  i 
»n  containing  sulphomolybdate 
te  nitric  suaa,  to  precipitate  the 
i  filter  and  its  weight  determi 
atmosphere  of  hydrogen,  to  < 
which  the  amount  of  molybde 
molybdenum  may  be  separated 
ing  it  by  a  magnesium-salt  (i.  i 
by  the  same  process  which  se 
Laiine  molybdates,  like  the  ar: 
separation  of  molybdenum  froi 
separated  from  the  earths,  b^ 
Niting  the  fused  mass  in  water, 
h  as  carbonate. 

Eilkalis,  molybdic  add  maybe 
he  predpitate  is  thoroughly 
then  dried  and  ignited  at  a  n 
■educed  to  molybdic  oxide. 
iight  of  Molybdenum.    B 
to  determine   the  atomic  we 
id,  PpbMO*,  obtained  by  preci] 
y  he  obtained  for  molybdenun 
I  approximation. 
Struve  (Ann.  Ch.  Pharm.  Ix 
iered  that  the  most  accurate  n 
I  air.     They  found  in  ten  expe 
roasting,  from  9*929  to  10*3 
reight  of  sulphur  at  32,  they  ob 
Its  of  the  individual  experiroe 
f  from  the  rest)  varied  from  80 
i  on  the  mean  result. 
(Ann.  Ch.  Pharm.  Ixxvi.  272), 

(NH«)«Mo»0".3H«0  or  2NH« 
tity  of  molybdic  anhydride,  Mo 
>etween  81'556  and  81*612:  n 
imber  92,  nearly  the  same  as  tl 
Eld,  Dumas  (Aim.  Ch.  Phys.  [ 
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ide  in  a  current  of  hydrogen,  obtained  in  six  experiments,  ralaes  of 
I  and  96*2 :  mean  95*7  ;  he  regards  96  as  the  trae  atomic  weight  of 
ich  is  the  same  as  that  originally  found  by  BerzeUus. 

fJTMf  TIbUOMXDWB  of.  a.  Molybdoits  F/«ort<2e.— Molybdoas 
1  hydrofluoric  acid,  forming  a  purple-r^  liquid  which  dries  up  at  a 
ramish  of  the  same  colour ;  tnis  residue  when  more  strongly  heated 
a  colour,  and  partly  insoluble  in  water. 

ioua  flttoride  is  precipitated  in  pale  red  flocks  on  mixing  a  solution  of 
le  with  fluoride  of  potassiuuL  It  is  dissolved  by  water  containing  a 
id  separates,  during  evaporation  or  on  cooling,  as  a  dark  rose-coloured 
comes  lighter  when  dry.  The  ammonkm^^t  is  exactly  similar ;  the 
re  soluble. 

luoride. — ^The  solution  of  molybdic  hvdrate  in  aqueous  hydrofluoric 
1  the  add  is  in  very  large  excess,  in  which  case  it  is  almost  colourless, 
oration,  whereby  it  is  soon  rendered  blue  if  the  acid  is  not  in  excess^ 
lystalline  residue  (of  molybdic  fluoride  ?),  which  redissolves  p^ectly 
;  a  red  solution;  but  if  somewhat  more  stronjgrly  heated,  loses  acid, 
id  in  water,  leaves  a  residue  of  molybdic  oxide.  (Berzelius.) 
:  molybdic  fluoride  are  obtained  by  mixing  the  solution  just  described 
«  of  the  alkali-metals.    They  are  rusty  yellow  powders,  somewhat 

I  of  molybdenum  yields  with  hydrofluoric  add  a  deep  blue  solutbn 
ystallise.    (Berzelius.) 

Molybdic  trioxide  dissolves  readily  and  abimdantly  in  aqueous  hy- 
rhe  colourless  solution  has  a  sour  and  disagreeable  metallic  taste,  and 
ktion,  a  yellowish  syrup  which  exhibits  no  signs  of  crystallisation ; 
h,  or  bluish  tint  when  heated,  in  consequence  of  minute  organic  par- 
it  ;  redissolves  but  imperfectly  in  water  after  evaporation  to  complete 
ee  an  insoluble  compound  of  molybdic  trioxide  with  a  small  proportion 
id,  or  of  molybdic  trioxide  with  hexfluoride  of  molybdenum,  which, 
a  certain  extent  in  pure  water,  is  precipitated  from  it  by  the  flrst- 
lution. 

itions  exist  of  hexfluoride  of  molybdenum  with  the  moro  basic  metal- 
J  are  not,  however,  known  in  the  free  state,  but  only  in  combination 
rbdic  add :  e.  g.,  K*MoO*.K^oF».    (Berzeli us.) 

rUM  CUbAirCB.    Native  sulphide  of  molybdenum  (p.  1043). 

rUlKt  ZOBZBBS  OF.  Molybdenum  and  iodine  do  not  aci  on  one 
k  red  heat  By  dissolving  molybdous  hydrate  in  hydriodic  add,  a  so- 
M  t(M2u2e  is  obtained  resembling  that  of  molybdous  chloride  (p.  1029). 
f  is  obtained  in  solution  by  saturating  hydriodic  acid  with  molybdic 
lution  is  red,  and  3rields  by  evaporation  in  contact  with  the  air,  a 
rhich  is  red  by  transmitted,  brown  by  reflected  light  It  decomposes 
rature,  giving  off  hydriodic  add  and  leaving  molybdic  oxide.  The 
cutaneous  evaporation  redissolves  in  water.     (Berzelius.) 

rUBI,       ZOBOBmOMZBB      and      ZOBOCSQbOBZBB       OF. 

(•C1*P. — ^These  compounds  are  obtained  by  the  action  of  hydriodic 
s  oxybromide  and  oxychloride  respectively  (pp.  1029,  1030). 

rUBI,  VZTSZBB8  and  ABEZBBS  OF.  (Tu  tt  1  e,  Ann.  Ch.  Pharm. 
lb,  Pogg.  Ann.  ci  606 ;  Jahresb.  1857,  p.  194.) — These  compounds, 
)een  very  exactly  investigated,  are  obtained  by  passing  ammonia-gas 
rioxide,  or  the  chlorides  of  molybdenum,  at  high  temperatures, 
ig  molybdic  chloride  in  ammonia-gas  till  the  resisting  chloride  of 
Utilised,  obtained  a  black  sinter^  mass  containing  82*8  pei  cent, 
bablv  consisting  of  2MoN.MoH*N«. 

[so  oDtained  compounds  of  similar  constitution  by  the  action  of  dry 
nolybdic  chloride.  The  action  takes  place  even  at  ordinary  tempera- 
ided  with  sufficient  evolution  of  heat  to  partially  fuse  the  mass  and 
of  ammonium.  On  subsequently  applying  a  gentle  heat,  the  product 
ad  soon  solidifies  to  a  blade  tumefied  mass,  exhibiting  stellate  groups 
als  on  the  colder  parts ;  when  completely  freed  from  ^-ammoniac  by 
th  water,  and  then  dried  in  a  vacuum  over  oil  of  vitriol,  it  exhibited  a 
oaible  by  the  formula  Mo*H*N'«  or  4MoN«.  MoN^'H*.  This  compound  ' 
oxygen  gas,  with  formation  of  water,  and  gives  off  ammonia  when 
en  gas,  or  f^ised  with  hydrate  of  potassium.  A  compound  reftembline 
sztonal  appearance,  but  consisting  of  8MoN.MoH^N^,  was  obtaiaea 
3  U2 
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gnition  in  the  air,  or  by  trf^atment  with  nitric  Acid.  Caustic  potash- 
er  oxidises  nor  dissKilvci  it. 

hydrate  is  obtained  by  precipitadng  a  solution  of  molybdie  chloride  or 
ic  salt  with  ammonia,  which  must  be  added  in  excess,  as  otherwise  a 
salt  will  be  formed,  especially  with  the  chloride.  The  hydrate  itself  in 
t  solnble  in  pare  water,  so  that,  in  yery  dilute  solutions,  ammonia  does  not 
lipitate  until  sal-ammoniac  is  added.  For  the  same  reason,  the  washing 
arried  too  far,  and  is  best  finished  with  water  containing  alcohol  The 
ite  majr  be  pressed  between  paper  and  dried  in  a  Tacuum.  It  has  a 
iolour,  just  like  that  of  ferric  hydrate  precipitated  by  ammonia.  When 
e  moist  state  to  the  air  on  filtering  paper,  it  acquires  a  darker  colour  and 
;e,  and  begins  to  deliquesce,  ^mssing  into  a  higher  and  much  more  soluble 
isolres,  as  already  observed,  in  a  large  quantity  of  water,  forminff  a  dark 
which  gelatinises  when  kept  for  three  or  four  weeks  in  a  dosed  vessel, 
18,  a  property  likewise  retained  by  the  hydrate  precipitated  from  it  by 
,  and  has  a  somewhat  astringent  taste,  with  metallic  after-taste.  This 
1  left  to  evaporate  spontaneously,  first  gelatinises  and  then  dries  up  to  a 
nearly  black  mass,  green  and  blue  on  the  edges,  which  is  no  longer 
ber.  The  hydrate  is  insoluble  in  caustic  potash,  but  dissolves  in  aqueous 
late  of  potassium,  and  more  easily  in  the  acid  carbonate,  from  which  solu- 
ially  precipitated  on  boiling.  It  dissolves  also  in  carbonate  of  ammo- 
completely  precipitated  therefrom  by  boiling;  the  precipitate  is  denser 
ter  yellow  colour  than  that  obtained  with  caustic  ammonia,  but  dissolves, 
',  when  washed  with  water.  A  solution  of  molvbdic  oxide  in  an  alkaline 
on  verted  by  atmospheric  oxidation  into  a  molybdate  uf  the  alkali- metal 
ydrate  dissol  ves  in  acids,  forming  the  molybdicsalts.  Thef<e  salts  may 
ned  by  digesting  an  excess  of  metallic  molybdenum  with  the  acid  in 

>  e  dissolved,  and  addins  nitric  acid  drop  by  drop  till  the  other  acid  is 
th  molybdic  oxide;  or  by  digesting  an  excess  of  molybdenum  with 
hydride,  and  the  acid  which  is  required  to  dissolve  the  resulting 
le — !  vdrochloric  acid,  for  example — ^till  the  blue  colour  first  produced 
idish-  brown  ;  or  lastly,  by  digesting  molybdic  anhydride  with  copper  and 
h  in  that  case  dissolves  cupric  and  molybdic  oxides  together.  The 
s,  in  the  anhydrous  state,  are  almost  black,  but  when  hydrated  they  are 
d  reddish-brown  solutions  in  water.  They  have  a  rough,  somewhat 
[I  subsequently  metallic  taste.  Their  solutions  when  heated  in  contact 
have  a  tendency  to  become  blue  by  oxidation.  [For  their  behaviour  with 
p.  1039.] 

I  intermediate  between  the  di-  and  tri-oxides  will  be  described  as 
ybdates  (p.  1039). 

Molybdic  Anhydride,  Anhydroui  Molybdic  acid,  MoO*. — This  oxide 

as  moljrbdic  ochre  or  molvbdin,  forming  an  earthy  coating  on  the 
le,  sometimes  also  independent^ ;  at  Altenberg  in  Saxony  it  occurs  in 
ns  of  1 S6^  48'  (B r  e  i t  h a u  p  t,  Jahresb.  1858,  p.  683).  It  mapr  be  formed 
exposing  molybdenum  or  its  lower  oxides,  or  molybdic  sulphide,  to  long- 
X  in  contact  with  the  air,  by  falsing  the  same  substances  with  nitre,  or  hy 
letal  or  its  oxides  in  an  atmosphere  of  aqueous  vapour,  or  with  hydrate  ol 

I.  a.  From  Molybdic  Sulphide, — The  precipitated  sulphide,  or  the  native 
'  pulverised,  is  roasted,  with  continued  stirring,  in  an  open  crucible  placc><l 
position,  so  that  the  air  may  easily  play  upon  its  surface.  The  native 
ever,  eenerally  contains  alumina,  oxide  of  copper,  and  phosphoric  acid, 
1  of  which  from  the  product  is  very  troublesome.  Hence  it  is  better  t>» 
!ral  in  lumps  in  an  open  glass  tube,  through  which  a  stream  of  air  is 

aspirator ;  the  trioxide  then  sublimes  in  cxystals  in  a  state  of  perfect 
hler,  Ann.  Ch.  Pharm.  c  376.) 

tive  MdybdaU  of  lead. — The  mineral  finely  pounded  and  freed  from  car- 
c,  iron,  and  calcium,  by  digestion  in  dilute  hvdroehloric  acid,  and  thoroughly 
cantation,  is  heated  with  1^  pt  strong  sulphuric  acid,  with  constant  sti]> 
ilphuric  acid  bf^ns  to  evaporate.  It  is  then  allowed  to  cool,  a  considerable 
rater  is  added,  and  the  insoluble  sulphate  of  lead  is  filtered  off  The 
:ed  with  nitric  acid  and  evaporated,  with  constant  stirring,  in  a  porcelain 

acid  begins  to  evaporate ;  the  molybdie  anhydride  then  separates  as  a 
>,  which  may  be  freed  fh>m  phosphoric  acid  by  washing  with  water, 
last  with  a  few  drops  of  nitric  acid. — Or  the  mineral,  after  treatment  with 
liloric  acid,  may  be  evaporated  to  dryness  with  strong  hydrochloric  acid, 
le  (coDt^'ninir  oxychloride  of  lead  and  molybdic  anhydride)  exhausted 


Digitized  by 


Google 


Digitized  by 


Google 


MOLTBDATES.  1037 

Htrate,  The  solution  of  molybdic  triozide  in  nitric  acid  is  reddiah- 
sly  acid  and  sabeequentjy  bitter,  metallic,  astringent  taste^  and  giyes 
len  evaporated. 

kosphate  or  Pho8phomolybdic  Acid,  Holybdic  trioxide  digested  while 
I  small  quantity  of  aqueous  phosphoric  acid,  yields  a  lemon-yellow 
water  (Berzelius).  With  a  larger  proportion  of  phosphoric  acid, 
lissolves  on  the  application  of  heat,  forming  a  colourless  liquid,  which 
ition,  a  tenacious,  uncrystallisable,  transparent  mass,  havmg  a  Tery 
Tery  soluble  in  water  and  in  alcohol  The  alcoholic  solution  is  jellow, 
n  evaporation,  and  leaves  a  brown,  opaque  residue,  which  redissolves 
I  a  blue  solution.  (Berzeliui ;  see  also  Svanberg  and  Struve, 
.  Ixviii.  209,  293.) 

?cipitate  formed  on  adding  molybdate  of  ammonium  to  the  solution  of 
late  (p.  1032)  appears  to  vary  in  composition  according  to  the  circum- 
rmation  ;  at  all  events  the  formuls  (all  ver^  complicated)  assigned  to 
emists  do  not  agree  with  one  another  (see  Nutzinger,  Jahresb.  1855, 
lohn,  ibid.  1856.  p.  375.— Eggertz,  ibid,  1860,  p.  620). — [For  the 
ig  phosphomolybdic  as  a  test  for  the  alkaloids,  see  i.  127.] 
ulphate.  By  boiling  dilute  sulphuric  acid  with  an  excess  of  molybdic 
I,  milky  liquid  is  obtained,  which  gelatinises  on  cooling,  and  deposits 
s  of  a  oasic  compound,  sparingly  soluble  in  water  but  not  in  alcohol, 
'  colours  it  green.     (Berzelius.) 

nolybdic  trioxide  (not  in  excess)  in  dilute  sulphuric  acid  has  a  light 
id  dries  up  to  a  lemon-yellow  ciystalline  mass,  which  deliquesces  in 
ily  partially  soluble  in  water  (Berzelius).  According  to  Ander- 
Bsb.  xxiii.  161),  the  solution  of  molybdic  acid  in  sulphuric  acid  does 
s  on  evaporation  ;  but  when  molybdate  of  barium  is  decomposed  bv 
sulphuric  acid,  and  the  clear  solution  evaporated  over  oil  ik  vitriol, 
ned. 

'artrate.  The  solution  of  molybdic  trioxide  in  aqueous  tartaric  acid, 
ation  a  blue  non-crystalline  mass,  perfectly  soluble  in  water  and  in 
ng  solution  of  acid  tartrate  of  potassium  easily  dissolves  molybdic  tri- 
ignition.  The  solution  dries  up  to  a  gummy  mass  of  potassio-per- 
\    (Berzelius.) 

?8,  forming  the  Molybdates.  Molybdic  trioxide  exhibits  with  most 
he  characters  of  an  anhydrous  acid,  or  anhydride,  forming  neutral 
Qutaining  R^O.MoO' or  R^MoO* ;  acid  and  double  iholybdates, 
presented  by  the  peneral  formula  R*"Mo*0*",  the  molecule  R"*  being 
or  more  metals,  mcluding  hydrogen ;  and  anhydro-molybdates, 
ae  general  formula  R"^»Mo»0*".wMoO",  the  letters  m  and  n  represent^ 
>ei  s.  The  neutral  molybdates  of  the  alkali-metals  are  easily  soluble 
s  obtained  by  digesting  molybdic  anhydride  with  the  aqueous  alkalis 
nates.  They  are  decomposed  by  the  stronger  acids,  with  precipitation 
oluble  add  salt,  or  of  molybdic  anhydride.  Their  behaviour  with  other 
1  already  described  (p.  1032).  The  molybdates  of  the  other  metals  are 
«  obtained  by  precipitation.    They  are  colourless  unless  they  contain 

if  Aluminium,    White  precipitate,  insoluble  in  water. 

of  Ammonium,  The  neutral  salt,  (NH«)'MoO^  is  obtained  bj 
ic  anhydride  in  excess  with  strong  aqueous  ammonia  in  a  doted  vessel, 
I  solution  with  alcohol,  and  drying  over  quicklime. 
?hese  are  obtained  by  evaporating  a  solution  of  molybdic  anhydride 
lonia.  If  the  evaporation  takes  place  quickly,  a  crystalline  powder  is 
ich,  according  to  S  van  berg  and  Struve,  is  an  anhydro-molybdate^ 

or  (NH«)*MoO«.MoO'.  It  is  probable,  however,  that  the  salt  thus 
LS  1  at  water,  [(NH«)K).2MoO'.H*0],  in  which  case  it  may  be  regarded 

\ydric  molybdate,     -a  >  MoO^.    A  salt  having  this  composition  is  in 

jr  V.  Rath  (Pogg.  Ann.  ex.  18)  as  crystallising  in  monodinic  prisms, 
odP  oo]  .  oDpoo  .  —  P  .  -t-  2P,  and  having  the  ratio  of  the  axes 
S297  :  1  :  0*2936  ;  the  angle  of  the  inclined  axes  -  91^  12';  and 
de  parallel  to  [  ooPoo  ]. 

onio-hexhydrie^molyhdate^    ^      -JtlMo^O",  separatee  from  a  solution 

fdride  in  ammonia^  when  concentrated  to  the  oystallising  point  or  left 
le  air,  in  large  transparent  six-sided  prisms.  (Svanbergand  Struve.) 
ion  of  this  salt  is  Wed  with  aluminic,  chromic,  ferric  ov  mang^Kiic 
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«itioii,  and  appears  to  be  merely  a  mixture  of  molylxlic  oelire  an<l 

Hnd  Potassio-ferric  niolt^hJates  are  obtained  in  the  manner  already 
i7). 

'Lead,  PbO.MoO*  «  Pb^MoO*.  This  salt  occurs  native  as  Wuff- 
ad  mrt  {GdbbMere)  in  modified  square  tables  and  octahedit>ns  belong- 
Ic  system,  the  iimst  frequent  forms  being  P  and  P.  oP.  Length  of 
I -57 4.  Angle  P  :  P  in  the  terminal  edges  «  99°  40';  in  the  Uteral 
Cleavage  indistinct  parallel  to  P.  It  occurs  also  granularly  massive, 
ily  coherent.  Ilarduess  =  2*76  to  3.  Specific  gravity  =  6*3  to  6*9. 
•  adaimantine.  Colour  wax-yellow  pa.«.sing  into  orange-yellow,  al«> 
reen,  yellowish-8T<*y,  greyish-white  and  brown.  Streak  white.  Sub- 
btranslncent.  Fracture  subconchoVdal.  Brittle.  When  heat^,  it 
rly,  and  assumes  a  darker  colour,  disappearing  however  on  cooling, 
ow  mass.  When  fused  on  charcoal  before  tiie  blowpipe,  it  sinks  into 
ng  globules  of  lead,  the  charcoal  at  the  same  time  becoming  impres- 
)denum  and  molybdide  of  lead.  It  dissolves  easily  in  borax  and  m 
xhibiting  the  reactions  of  molybdenum  already  mentioned  (p.  1032). 

nitric  acidf  with  separation  of  yellowish-white  permolybdic  nitrate, 
I  ki/drochloric  acid  dissolves  it.  forming  a  grt^en  solution,  together 
>ad.  which  separates  more  completely  on  addition  of  alcohol.  It  dis- 
tic  potash. 

ml  occurs,  with  other  lead  ores,  in  veins  of  limestone,  at  Schwarzen- 
d  Windiffh-Kappel,  in  Carinthia;  it  is  also  found  at  Retzbanya,  in 
Moldawa  in  the  Bannat,  where  the  crystals  are  red,  and  bear  <•«•  - 
nee  to  chromate  of  lead ;  in  small  quantities  also  at  the  Soothamittn 
!husetts,  and  in  fine  reddish  orange  crystals,  containing  a  trace  nf 
iTIieatiey's  lead  mine  near  Pheenixville.  Pennsylvania.   The  specimens 

localities  are  nearly  pure,  the  proportion  of  molybdic  anhydride 
varying  from  37*65  to  40*5  per  cent.,  and  that  of  lead-oxide  from 
>nt.,  while  the  formula  PbO.MoO'  requires  38*6  per  cent.  MuO^  ami 
Ueiberg  mineral  contains  a  small  quantity  of  vanadium, 
ad  is  formed  artificially  by  precipitating  nitrate  of  lead  with  neutral 
noninm;  als  >,  according  to  .Schulze,  by  fusing  2  pts.  m'>lylHlrtte  of 
B.  chloride  of  lead  and  4  p^*.  common  salt.  As  thus  pro|:»Hre<i,  it 
ite  when  pure,  yellow  it'  they  f-<»ntaiu  a  little  phosphoric  a»ri»l.    JV1  x 

oportionei,  uf  molylxlate  of  Hodium.  chromate  of  potiU>>ium,  chloride 
on  salt)  yield  crystalliikHl  Siilts.  wliicli,  when  thoy  CAmUiiu  not  more 
chromate  of  lead,  are  quadratic  like  those  of  pure  niolylxlnt^of  lead, 
ed  colour;  with  from  42  to  90  pur  tent,  chromate  of  load,  th»'y  aru 
How. 

lead  from  Pampluna,  in  South  America,  was  found  by  Boussing- 
'hys.  [3]  xlv.  326)  to  contain  738  per  cent.  PbO,  10  0  XloO»,  2  9 

P-0»,  1-2  Cr«0«.  1-7  FeO«,  22  APO»  and  37  quartz  («  98  1);  ho 
sic  salt,  3PbO.MoO«  or  Pb''MoO'.2Pb"0. 

f  Maaneaiumt  Mg^MoO '.fiH'O,  is  obtained  in  di^tiuet  crystals 
ic  acid  and  huiynesia  alha  with  water,  and  eviiporating  the  filtrate ; 
ateratlOO®.     ,Struve.) 

'Manganese  is  obtained  as  a  heavy,  white,  crystalline  powder, 
»OMI*0,  by  tr^-atiug  carbonate  of  manganese  with  trimolylxlate  of 
im;  it  gives  off  its  water  above  100°,  dissolves  sparingly  in  boiling 
oiled  for  some  time  with  the  acid  molybdateof  potassium  or  sodium, 
» (Struve).  Schultze,  by  fusing  1  pt  raolybdate  of  sodium  with 
I  chloride,  and  2  pts.  common  salt,  obtained  the  anhulruus  salt 
je  dingy  yellow  crystals  having  the  aspect  of  bitter  spar,  and  ap- 
micruscope  as  small  monoclinic  [?]  tablets.  Together  with  this  salt 
med  hirge  red-brown  laminae  of  indeterminate  form. 
^tassio-itianganic  mo/yhdates  Are  prepared  by  boiling  the  acidmolyb- 
n  and  potasitium  with  mangan  c  hydrate  (pp.  1037,  1040). 
jf  Mvrcury.  On  abiding  morcurous  nitrate  to  a  solution  of 
tassium,  a  yellowish-white  fiocculent  precipitate  is  formed,  which,  if 
ted  on  a  filter,  and  wiuihed  till  tho  wash-water  leaveH  no  residue 
i  ignition,  consists  of  mercurous  dimolyhdate  or  anhydro-nwlyhdate^ 
Ig  MoO'.MoO*.  It  is  yellowish-white  and  non-crystalline,  but  is 
tnged  washing,  or  more  quickly  by  boiling  in  the  mother-liquor,  into 
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ling  chlorine  throagh  a  hot  eolation  of  potassie  trimolybdati^  and 
ig  small  qnantities  of  manganons  sulphate,  as  long  as  the  solution  is 
d  darker  in  colour.  The  filtered  liquid  yields  the  double  salt,  aft<v 
mtration,  in  shining  orange-coloured  rhombohedrons,  having  the  angle 
lal  edges  »  107^  46'.  It  dissolvels  in  384*8  pts.  water  at  17^  more 
;  water,  by  which  however  it  is  partially  decomposed.  It  gives  dSTO  at 
2  at  more  at  160°,  acquiring  at  the  same  time  a  darker  colour ;  melts 
perature,  and  solidifies  on  cooling  into  a  brownish-red  crystalline  mass, 
silver,  it  forms  a  precipitate  containing  molybdic  add,  manganic  oxide, 
i,  which  decomposes  during  washing.    (Struve.) 

8  of  Silver. — o.  Neutral  argentic  molybdatf,  Ag*MoO^,  is  obtained  by 
B  neutral  potassium-salt  with  nitrate  of  silver  as  a  yellowish-white,  floc- 
ite,  which  darkens  on  exposure  to  light,  dissolves  sparingly  in  water, 
nitric  acid. — fi.  Trimolybdate  of  potassium  forms  with  nitrate  of  silver 
te  flocculent  precipitate,  of  somewhat  variable  composition,  but  agreeing 
irmula  2Ag*Mo0^.3MoO*.     (8  van  berg  and  Struve.) 

oli/hdate,  Ag*0.2MoO"  «  Ag*MoO^  is  produced  by  the  action  of  hydro- 
lary  temperatures  on  the  neutral  argentic  salt ;  or  better,  by  passing 
brough  a  tube  having  a  narrow  aperture,  into  a  saturated  solution  of 
t  in  moderately  strong  aqueous  ammonia ;  the  reduction  then  also  takes 
y  temperatures,  but  much  more  quickly  at  90°  (at  higher  temperatures 
rer  may  be  reduced  to  the  metallic  state).  By  the  first  method  it  is 
amorphous  mass ;  by  the  second,  as  a  black,  shining,  crystalline  powder, 
'gular  octahedrons.  It  is  dissolved  by  nitric  acid,  with  evolution  of 
d  decomposed  by  potash  (not  by  dilute  ammonia)  with  separation  uf 
I  oxide.    (Wohler,  Ann.  Ch.  Pharm.  cxiv.  119.) 

9  of  Sodium. — The  neutral  or  diaodic  mofybdate,  Na'MoO^.H'O 
ed  the  monomolybdate\  is  obtained  by  fusing  molybdic  anhydride  with 
aantity  of  crystallised  carbonate  of  sodium.  It  is  easUy  soluble  in  water, 
in  smtill  octahedrons,  which  melt  and  give  off  their  water  at  a  moderate 
fdric  molybdate,  NaHMoO*  (or  difnolybdate,  NaK).2MoO\H''0),  ob* 
ilar  manner,  crystallises  in  needles,  and  dissolves  sparingly  in  cold, 
ing  water.  The  disodio-tetrahydric  molybdate^  Na'H*Mo*0'*.6H*0  (or 
^a*0.3MoO*.7H*0),  is  obtained,  by  adding  nitric  add  to  a  solution  of 
n  carbonate  of  sodium,  as  a  bulky  white  precipitate,  more  soluble  than 
ling  potassium-salt  Nitric  acid,  added  in  excess  to  a  solution  of 
)dium,  throws  down  nothing  but  molybdic  anhydride.  (Svanberg  and 

i  of  sodium  boiled  with  alumina,  chromic  oxide,  &c.,  forms  double  salts 
e  potassium-salts  above  described. 
of  Strontium  is  obtained  in  well-developed  square  pyramids  by 
1  pt  molybdate  of  sodium,  2  pts.  chloride  of  strontium  and  2  pts. 
(Schultze.) 

of  Zinc,  Zn1tfoO^  is  obtamed  by  fusing  2  pts.  molybdate  of  sodium 
Dride  of  zinc  and  6  pt&  common  salt,  in  white  needles,  with  a  tinge  of 
ng  under  the  microscope  as  square  prisms,  also  exhibiting  the  oombi- 
;  fusible  without  decomposition  before  the  blowpipe.    (Schultze.) 

nnJlK,  OZTBROMZBaS  or.    Mdybdous  Oxybromide,  ifo^BrH), 
heating  molybdous  bromide  with  dilute  solutions  of  caustic  alkalis; 

rith  hydrochloric,  hydriodic  and  hydrobromic  add,  it  yields  molybdoua 
&c.     (Blomstrand,  see  p.  1029.) 
Oxybromide,  Mo^'Br^O*,  is  produced  by  passing  bromine  vapour  over 

dde,  or  by  fusing  molybdic  trioxide  with  boric  or  phosphoric  anhydride, 

9  pulverised  mass  with  bromide  of  potassium: 

MoO«  +  B'O*  +  2KBr     -     2KB0»  +  MoBi*0«. 

sublimed,  it  forms  indistinct  crystalline  scales ;  by  slow  sablimatioD, 
sloped  crystalline  plates.  It  has  a  yellowish-red  colour  and  fiitty  lustre^ 
the  air,  and  forms  a  colourless  solution  with  water.    (Blomstrand.) 


OZTCBliOBZ2>B8    OV.    Molybdous    Oxyehloride, 

reduced  in  the  same  manner  as  the  oorrenwnding  oxvbromide,  and 
lilar  manner  with  hydrochloric  add,  &c    (Blomstrand,  p.  1039.) 
lie  Oxycklorides.    a,  Mo**ClH)'  or  MoCl*.2MoO*.-- DiMOvered  bj 
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diyi&ff*  The  salt  heated  in  an  atmosphere  of  hydrogen  is  only  partiany  deeompoiod 
into  dunlphide  i^  potaamam  and  mofybdooa  sulphide. — $,  Another  salt  eontaininff  a 
larger  proportion  ox  moljbdie  trisolphidc^  is  precipitated  as  a  brown- jelloir  powder, 
when  the  solution  of  the  neutral  salt  is  mixed  with  a  quantity  of  acetic  add  sufficient 
to  give  it  an  add  reaction.  It  is  black  after  drying,  and  dissolves  easily  in  boiling; 
alowly  in  cold  water,  forming  a  yellow  solution.  A  solution  of  the  neutral  salt,  mixed 
with  a  small  quantity  of  any  other  add,  becomes  darker,  in  consequence  of  the  formation 


of  this  compound,  but  does  not  yield  a  predpitate. 
A  compound  of  sulpkamolybdaU  i    ' 


and  nitrate  of  potasnum  is  obtained  when  a 
solution  of  equal  parts  of  the  two  salts  is  left  to  eyaporate.    It  then  separates  in 
green  metallic-shining  scales,  yeiy  much  like  sulphomolybdate  of  potasnum,  which 
bum  away  like  gunpowder  when  heated. 
The  silver'Salt  resembles  the  lead-salt  in  colour  and  streak. 

Bodium-saliM, — The  neutral  salt  forms  small  dark  red  granular  crystals*  much 
more  soluble  in  alcohol  than  the  potasdum-salt.  It  is  almost  completely  reduced  by 
ignition  in  hydrocen  gas.  There  is  also  an  acid  sulphomolybdate  of  sodium,  much 
lees  soluble  than  md  neutral  salt»  and  resembling  the  corresponding  potasnum-salt  in 
all  its  properties. 

The  strontium'ialts  resemble  the  barium-salts. 

The  uranium-  and  jrtno-salts  are  dark  brown  predpitates ;  the  itannous 
salt  is  a  black  nrednitate ;  the  itannie  salt*  a  translucent  brown  predpitate  becoming 
grey-brown  when  dry. 

Tetnumlpliide  of  BIoljMeBiiiB.  Persulphomolybdic  aeid,  MoS\ — This  sulphide 
is  thrown  down  by  hydrochloric  add  from  the  soltttions  of  alkaline  persulphomolybdates^ 
as  a  flocculent  translucent  predpitate  of  a  fine  dark  red  colour,  shrinking  together  when 
dry,  into  a  coarse-grained  mass*  possessing  a  dark  ^reen  metallic  lustre,  and  yielding  a 
dark  red  powder  when  triturated  with  water.  It  is  insoluble  in  water  and  in  acids. 
When  heated  in  a  retort,  it  gives  off  water  and  a  small  quantity  of  sulphurous 
anhydride,  then  a  large  quantity  of  sulphur,  and  leaves  disulphide  of  molybdenum. 

Persulphomolybdates.  Tetrasulphide  of  molybdenum  unites  with  basic  metallic 
sulphides,  formins  salts  represented  by  the  formula  R'S.MuS^  -*  B^oS*.  Most  of 
them  are  dark  red  and  retain  their  colour  unaltered  when  dry.  The  persulphomolyb- 
dates of  the  alkali-metals  are  soluble  in  water,  and  their  solutions  yield  with  acids  a 
predpitate  of  molybdic  tetrasulphide. 

The  ammonium-salt  is  obtained  by  drenching  moist  molybdic  tetrasulphide  with 
Bulphydrate  of  ammonium,  to  which  a  uttle  caustic  ammonia  may  be  advantageously 
added.  A  yellow  powder  is  then  formed,  which  becomes  dark  red  when  dry,  is 
insoluble  in  alkaline  liquids,  sparingly  soluble  in  cold,  easily  in  hot  water. 

Barium-salt. — ^Yellow  or  red  precipitate,  insoluble  in  water,  and  not  decomposed 
by  dilute  hydrochloric  add.  The  ca/ctum-fa/^  is  predpitated  after  some  time  by 
alcohol  from  a  mixture  of  the  potassium-salt  with  chloride  of  calcium,  as  a  cinnabar- 
coloured  powder  slightly  soluble  in  water. 

The  copner-salt  is  a  predpitate  dark  coloured  at  first,  but  becoming  red  indining 
to  brown  after  it  is  collected.  The  gold-salt  (auric)  is  a  brown  precipitate  which 
turns  yellow  and  decomposes  in  drying,  and  when  heated  in  contact  with  the  air,  bums, 

fives  off  sulphurous  anhydride,  assumes  a  golden-yellow  colour,  and  when  very  strongly 
eated,  yields  a  sublimate  of  molybdic  trioxide. 

Iron-salt,— Red  predpitate  formed  on  adding  the  potassium-salt  to  an  excess  of 
a  ferrous  salt 

The  lithium-salt  resembles  the  potasnum-salt  The  magnesium-salt  is  an 
insoluble  red  predpitate. — The  mercurous  salt  is  a  dark  almost  brown  predpitate. 

Potassium-salts. — ^When  sulphomolybdate  of  potassium  is  boiled  with  molybdic 
trisulphide  (such  a  mixture  is  obtained  by  decomposing  an  add  mol^bdate  of 
potassium  with  sulphydric  acid),  the  boiling  being  continued  for  several  houra  in  a  retort, 
a  large  quantity  of  sulphydric  add  is  given  off  with  the  watery  vapours,  and  a  copious 
predpitate  is  formed.  On  collecting  the  predpitate  after  cooling  on  a  filter  and 
washing  till  the  wash-water  gives  a  dark  red  flocculent  predpitate  with  hydrochloric 
add,  a  reddue  is  obtained  from  which  water  extracts  persulphomolybdate  of  potassium, 
leaving  disulphide  of  molybdenum  behind.  The  resulting  solution  is  red,  and 
genertuly  yields  the  salt  on  evaporation  in  the  form  of  a  red  mass,  having  the 
connstence  of  an  extract.  On  one  occasion,  however,  Berzelius  observed  the  salt 
to  separate  from  the  boiled  mixture  on  cooling,  in  small  ruby-coloured  crystalline 
granules  which  could  be  separated  from  the  rest  of  the  predpitate  by  levigation. 
They  appeared  under  the  microscope  as  transversely  striated  rectangular  scales ;  wero 
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),  and  bj  thejpre8ene»  of  tantalam.  Hermann  foand  in  it  17*94  per 
5  CeO,  21-80  LaO,  1-60  CaO,  1-86  H«0,  and  6-27  TaO«.  It  giyee  M 
of  chlorine  when  treated  with  hydrochloric  add,  and  diBBolves,  learina 
allow  reeidne. 

A  compound  resembling  saoonin,  contained  in  an  eztractiTe  rabstanoe 
irhich  appears  to  be  obtained  from  the  bark  of  CkryBophyllum  glyejf- 
an  plant  of  the  sapotaceons  order.  (Desrone,  Henry  and  PaTen. 
.xxxviL362.)  ^   ^ 

Syn.  with  EAFiim  (p.  445). 


KFOUMJISw    This  term  is  applied  to  componnds  containing  1  at.  of 
ofied,  B.g.,  OlSLHJiO^,  monoek^aeetio  add,  C^*JB[*.N,  monopket^ 

WMm    Syn.  with  EnamBin  (iL  491). 

PA.  According  to  F.  L.  Winckler  (N.  Jahrb.  Fhaim.  Tiii.  822),  the 
)pa  h^popitys,  gathered  when  the  flowers  are  almost  ftally  expanded, 
ion  with  water,  a  Tolatile  oil  identical  with  that  of  GauUkeriaprocum- 
rhe  residue  of  the  distillation  contained  an  acid, 
ra.  A  magnesio-ferrous  silicate  from  Beigen  in  Norway,  when  it 
annlar ;  also  foliated,  with  one  distinct  and  another  imperfect  deavage 
Hardness  »  6  nearly.  Specific  grarity  »  8*2678.  It  has  a  p2e 
lining  to  red,  and  a  strong  Titreous  lustre.  Contains  66*17  per  cent. 
;nesia,  8*56  fmoaa  oodde^  and  4*04  water  (»  100*40,  agreeing  neariy 
I  HfMg.^eifBiO'JPO,    (Erdmann,  K.  Vet.  Acad.  HandL  1842; 

TMm    Syn.  with  ETiirm  (p.  449). 

ra.    An  alkaloid  said  by  Van  Mons  to  exist  in  China  montana,  the 
ta  Jloribundum.    Winckler  was  not  able  to  find  it 
A  yariety  of  chrysolite  (I  958). 

A  rose-red,  fragile,  argillaceous  substance  found  at 
ar  Conlolens  in  Charente,  and  near  St.  Jean  de  Colle  in  Dordognew 
ar  cent  silica,  20*16  alumina,  0*68  ferric  oxide,  1*46  lime,  0*23  mag: 
I,  and  26*0  water.  (Damour,  Bull  Soc geoL  de  France  [2]  iv.  464.) 
ra.    A  yariety  of  translucent  felspar  from  Ceylon.    (See  Filspab, 

I.    See  Dtixko  (iL  352). 

n.  A  fibrous  seolite  fhnn  the  trap  of  the  Bay  of  Fundy,  Nora  Scotia, 
erired  from  Morden,  a  Tillage  near  which  it  is  found.  It  occun  in 
I  or  geodes  of  white,  yellowish  or  pinldsh  colour,  and  strong  silky 
I  dull ;  cleaves  readily  in  directions  parallel  to  the  fibres ;  is  tnnslu- 
3S.  Hardness  a  little  abore  6.  Specific  grayitr  -  2*08.  Bather 
he  blowpipe  it  ftises  at  a  strong  heat  to  a  glassy  oead,  without  intu- 
ydrochlonc  add  it  does  not  gelatinise  but  yields  slimy  silica.  Contains 
t)  68*40  per  cent  silica,  12*77  aluiaina,  8*46  lime^  2*86  soda,  and  18*02 
reeing  yery  nearly  with  the  formula,  (f Na.fCa'jO AlK)'.9SiO'.6HK), 
I  to  that  of  a  metasiUcate,  M'(R')^H>«Si*0*'.H'0.    (How,  Chem.  Soe. 

ED.  Morin,  (B.  Wagner,  J.  pr.  Chem.  li.  82;  Hlasiwets  and 
L  xc.  445.)— An  add  existing  in  old  fustic  {Mortu  iinetoria),  and  de- 
im-salt,  together  with  morintannie  add,  from  an  infusion  of  the  wood 
xtract  it,  t£e  de|^it  (sometimes  called  morm)  is  treated  seyeral  times 
tol ;  the  idoohohe  liquor  is  diluted  with  six  times  its  bulk  of  water, 
«  the  morate  of  caldum  in  the  form  of  a  yellow  cnrstalline  jjowder, 
f  the  morintannie  add  remains  dissolyed.  The  caldum-salt  is  then 
ig  alcc^ol,  the  caldum  predpitated  by  oxalic  add,  and  the  morie  add 
the  hot  filtrate  by  water,  purified  by  re-sdution  in  alcohol  and  re- 
rater,  and  finally  dried  oyer  the  water-bath  out  of  contact  with  air 
idwetz  and  Pfoundler  treat  the  depont  aboye  mentioned  twice  with 
nr  pressing  it,  and  thereby  obtain  a  solution  of  morintannie  acid 
rendue  consisting  oi  crude  moric  add  and  nitrate  of  caldum.  This 
with  water  and  a  little  hydrochloric  add  (to  decompose  the  caldum- 
l  with  water  and  dissolyed  in  hot  alcohol  The  filtrate  mixed  with 
yolume  oi  hot  water,  depodts  the  greater  part  of  the  moric  add 
i»  which  maj  be  purified  oy  solution  in  weak  alcohol  (using  filters 
8X 
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toe  in  bug  Blender  yellowish-red  needles  of   ali sarin  (Anderson's 

^ered  morinda-root  is  boiled  with  moderately  dilate  sulphuric  acid,  as  in 
arancin  process,  its  morindin  is  converted  into  alizarin ;  bnt  the  large 
own  matter  prodaced  at  the  same  time,  greatly  diminishes  the  value  of 
>btained,  as  it  renders  the  colours  doll  and  the  whites  difficult  to  dear. 
»t  is  therefore  never  likely  to  compete  successfully  with  madder,  at  least 
Tertheless  it  affords  the  best  known  source  of  pure  alizarin,  this  sub- 
repared  from  it,  being  quite  free  from  purpurin,  which,  as  is  well  known, 
lit  to  separate  completely  from  the  alizarin  prepared  &om  ordinary 
Buhouse,  Chem.  Soc.  J.  zviL  834.) 

on.    See  the  last  article. 

lO  A.CI2>.  C^^H^O^— An  oily  acid,  homologous  with  oleic  acid, 
Jier  with  stearic,  palmitic  and  benic  acids,  by  the  saponification  of  oil  of 
aptera).    It  is  colourless  or  faintly  yellow,  has  a  density  of  0*908,  a 

which  irritates  the  throat,  and  a  faint  odour.    It  reddens  litmus  paper; 

in  common  alcohol,  even  in  the  cold;  solidifies  at  the  freezing  point  of 
mposed  by  heating  with  sulphuric  acid.  Walter  found  in  it  75*0  per 
md  11*7  hydrogen,  the  above  formula  requiring  74'9  C,  11*8  H,  and 
hardfs  TraiU  de  Chim.  org,  ii  882.) 

Ikinrzo  iLCZB.  Madurin,  C'^H'^O*.  (R.  Wagner,  J.  pr.  Chem. 
wetz  and  Pfaundler,i6i(2.  xc.  445  ;  Jahresb.  1863,  p.  594.) — ^A  variety 
which  constitutes  the  chief  colouring  matter  of  old  fustic  {Moms  tinctoria, 
•  Hlasiwetz  and  F£ftundler,  Maclura  tinctoria).  It  forms  a  largp  portion 
\  found  in  the  interior  of  faggots  of  that  wood,  and  may  be  obtained  b^ 
deposits  with  boiling  water  and  leaving  the  extract  to  cooL    The  acid  is 

in  the  form  of  powder  and  may  be  purified  by  crystallising  it  several 
e  water,  and  dissolving  the  crystalline  deposit  in  water  slightly  acidulated 
mc  acid,  to  separate  a  resinous  substance,  and  filtering  the  solution  when 
turbid.    (Wagner.) 

oncentrated  aqueous  decoction  of  fustic  left  to  itself  for  some  days  yields 
rystalline  deposit,  which  when  pressed  and  twice  boiled  with  water 
e  consisting  of  crude  moric  add  and  morate  of  calcium,  and  a  solution  of 
dd,  which  deposits  a  portion  of  the  acid  on  evaporation,  the  rest  on  addi- 
iiloric  add.  It  may  be  freed  from  resinous  impurities,  first  by  crystal- 
water  addulated  with  hydrochloric  add,  and  finally  bv  adding  to  the 
ill  quanti^  of  acetate  of  lead,  and  precipitating  with  sulphydric  add  in 
e  acetic  acid.   (Hlasiwets  andPfaundler.) 

I  add  is  deposited  firom  its  solution  as  a  light  yellow  crystalline  powder, 
icroscopic  prisms.  It  dissolves  in  64  pts.  of  cold,  and  2*14  pts.  of  boiling 
aon  having  a  slieht  add  reaction,  and  sweetish  astringent  taste ;  easily  alsc 
d-spirit,  and  ether  ;  but  is  insoluble  in  oil  of  turpentine  and  in  fixed 
^real  solution  is  greenish  by  reflected  and  brown  by  transmitted  light 

ition  of  morintannic  add  is  shown  by  the  following  analyses  and 
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is  the  compound  dried  at  100°  as  identical  with  moric  add;  but  as 
ed  (p.  1047),  the  difference  between  the  two  adds  may  be  considered  as 
abluhed  by  the  recent  researches  of  Hlasiwetz  and  Pfaundler. 
!  add  melts  at  200°,  blackens  and  gives  off  water  and  add  vapours  at 
ergoes  complete  decomposition  at  270°,  yielding  a  large  quantity  of  car- 
le, and  an  oily  distillate  which  partly  solidifies  on  cooHng,  and  leaving  a 
The  distilled  oil  is  a  mixture  of  phenol  and  pvrocatechin.  (Wagner.) 
9  solution  of  morintannic  add  is  not  predpitated  by  hydrochloric,  sulphu- 
I  or  arsenic  add,  but  completely  by  gelatin  and  softened  animal  biaader, 
!  add  dissolves  in  cold  strong  sulphuric  acid^  forming  a  yellow  solution 
is  predpitated  by  water;  on  heating  the  solution,  it  blackens  and  gives  off 
iivoride  and  phenoL  The  solution  in  cold  sulphuric  add,  if  left  to  itself  for 
3x2 
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ed ;  and  the  ealoaiwoiu  rendne  is  preased  and  again  twice  boiled  in  50 
16  whole  of  the  calcareous  liqaon  are  now  boilM  down  to  40  pta.  and 
g  heat  with  2  pta.  aal-ammoniae ;  the  heat  ia  kept  np  for  an  hour,  or  as 
a  is  given  off;  tne  liquid  is  then  aJlowed  to  cool;  and  alter  eight  days  the 
ii  separates  in  the  form  of  brown  grannies,  is  collected:  the  motheiHU^aor 
rop  if  further  boiled  down  and  left  to  itself  The  product  ma^  be  punfled 
sold  water,  solution  in  hydrochloric  acid,  repeated  boiling  with  excess  i^ 
d  precipitation  with  sal-ammoniac.  (Mohr,  Ann.  Ch.  Pharm.  zzxr.  120.) 
sss  most  generally  employed  is  that  of  Bobertson,  modified  by 
1  G-regory  (Ann.  Ch.  Pharm.  ▼.  87  ;  yiL261). — Opium  is  macerated  in 
ill  all  the  soluble  principles  are  extracted;  the  solution  is  eyaporated 
of  calcium,  which  neutndises  the  free  adds ;  and  when  the  liquid  is 
eentrated,  chloride  of  calcium  is  added,  whereby  a  precipitate  of  meco- 
n  is  formed,  which  carries  down  with  it  a  considerable  quantity  of 
sr.  The  opium  bases  remain  in  the  solution  as  hydrochlorates,  and  the 
ain  concentrated,  first  deposits  more  meconate  of  oaldum,  and  afterwards 
fochlorate  of  morphine  mixed  with  hydrochlorate  of  codeinei    These 

O"*  ed  by  repeated  crystallisation,  with  addition  of  animal  charcoal, 
orates  are  next  dissolved  in  water  and  treated  with  ammonia, 
ites  the  morphine,  leaving  the  codeine  dissolved.     The  morphine  is 
by  crystallisation  from  alcohoL 

■pared  by  either  of  the  preceding  processes  is  often  contaminated  with  nar- 
iich  however  it  may  be  freed  by  either  of  the  following  processes :  ~1.  By 
ler,  which  dissolves  narootine  much  more  easily  than  morphine. — 2.  By 
lixed  bases  in  hydrochloric  acid,  evaporating  to  the  crystallising  point,  and 
^stals,  which  consist  entirely  of  hydrochlorate  of  morphine,  the  narcotine- 
in  the  unerystallisable  mother-hquor. — 3.  B^  mixins  the  hydrochloric 
ith  common  salt,  which  renders  the  liquid  milky,  and  throws  down  the 
some  days  in  crystalline  agglomerations ;  the  morphine  may  then  be 
ammonia.— 4.  By  pouring  a  weak  solution  of  caustic  potash  into  the 
of  the  hydrochlorates ;  the  morphine  then  dissolves  in  a  slight  excess  of 
be  narootine  is  deposited  as  a  curdy  predpitate,  which  may  be  separated 

mount  of  the  various  methods  used  for  the  preparation  and  purification 
se  G)ndin*s  Handbook,  xvi.  416-423. 

-Morphine  crystallises  in  cdourless  transparent  prisms  usually  very  short, 
e  trimetric  system.  Observed  combination:  q»P  .  oaf  oo  .  Poo .  Angle 
27°  30';  ooP  :  oafoo  -  llO®  20';  foo  :  obPqo  -  IZ2P  20*;  Poo  :  Poo 
leavage  parallel  to  oaf  oo .  It  is  inodorous  but  has  a  persistently  bitter 
tremely  poisonous,  exerting  a  strong  narcotic  action.  In  small  aoses  it 
Q  medidne  as  a  sedative. 

but  very  slightly  soluble  in  coldiM^;  boiling  water  dissolves  about  J^  of 
he  greater  part  of  it  in  the  ciystaUine  fbrm  as  it  cools.  Cold  alcohol 
ttle  of  it ;  boiling  alcohol  a  larger  quantity.  It  is  insoluble  in  etkrr,  and 
isily  separated  from  narootine,  which  is  dissolved  hy  ether.  Morphine  is 
ble  in  volatile  oils.  Aqueous  alkcUis,  even  Hme-foater,  dissolve  it  readily ; 
Bver,  but  sparingly. 

TDB  the  plane  of  polarisation  of  a  luminons  ra^  to  the  left.  In  the  state 
L  solution  in  water  addulated  with  hydrochloric  add,  its  molecular  rota- 
expressed  by  [a]  »  -  88*04.  It  has  likewise  about  the  same  amount  of 
when  dissolved  in  alcohol. 

I  of  morphine  melt  when  heated,  giving  off  5*94  per  cent  (»  1  at) 
Jlisation ;  at  a  high  temperature  they  become  carbonised. 
Ltion  of  morphine  dried  at  120^  is  expressed  by  the  fonnnla  C*'H"NO', 
le  follovring  results  of  analysis : 

Lleblg.*  Regnault.f 

^^ * ^.       i  *  ^         WUl.t  Lnurent.^ 

ri-58      71-35    71-38      71*87    71-41    71-66      71*40      71-68    7159 

6-66        6-69      6*77        6*86      6*84      6*86        6*72        658      6-66 

4*91        4*99     .     .         5*01 
L685      16*97 
K)*00     10000 

led  pseudomorphine  or  phormine^  occasionally,  found  by  Pelletier 
extract  of  opium  containing  a  large  quantity  of  nareotine,  and  the  m  et  a- 

Wittstein,  found  on  one  ooeasioB  only  in  the  reddue  of  the  preparalioA 
n.  Ch.  Phann.  zzri.  41.  t  Ann.  Ch.  Phys.  IxtIU.  131. 

i.xxvi.44.  liMA^mxtauaaB. 
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to  200°  with  ezcesfl  of  hydrate  of  potOMHum,  yields  ad  alkaline  dia- 
methylamine. 

heated  with  the  iodidet  of  methyl  and  e%^  yields  hydriodate  of 
I  or  of  ethyl-morphine. 

presence  of  morphine  when  mixed  with  animal  matter,  the  sabstanoe 
uminOf  dried  between  1 00^  and  110^,  then  well  palyerised  and  mace- 
:er  acidulated  with  acetic  add.  The  solution  treated  with  ammonia^ 
e,  which  may  then  be  recognised  by  the  characters  above  described, 
reactions  with  iodic  acid,  ferric  salts,  and  nitric  acid. 
Morphine  in  Opium, — 15  grms.  of  opinm  cnt  in  pieces  are  triturated 
sohol  of  71  per  cent;  the  solution  is  strained  through  linen;  and  the 
ng  pressed,  is  again  treated  in  the  same  way  with  40  grms.  alcohoL 
Dcture  mixed  with  4  grms.  of  aqueous  ammonia  yields  in  12  hours 
hine  and  narcotine,  which  are  collected,  washed  sereral  times  with 
i  up  in  the  water ;  the  crystals  of  morphine  then  sink  to  the  bottom, 
ircotine,  being  lighter,  remain  lon^r  suspended  and  may  be  separated 
Guillermond,  J.  Pharm.  [3]  xn.  17).  Riegel  (Jahrb.  pr.  Fharm. 
res  the  narcotine  precipitateil  together  with  the  morphine,  by  washing 
h  chloroform.  According  to  R  e  ▼  e  i  1  and  G-  u  i  b  o  u  r t,  the  quantity  of 
.  by  Guillermondisnot  sufficient  for  the  exhaustion  of  the  opium,  and 
ne  enough  for  complete  ay  stallisation.  G  u  i  b  o  u  r  t  therefore  treats  dry 
or  the  aqueous  extract  of  opium,  with  alcohol,  either  warm  or  cold, 
her  case  to  stand  in  the  cold  for  24  hours,  to  permit  the  separation  of 
X,  and  a  portion  of  the  narcotine.  The  tincture  is  drawn  off  with  a 
ue  washed  with  alcohol,  and  the  entire  liquid  precipitated  by  a  slight 
nia.  After  eraporation  of  the  excess  of  ammonia,  the  morphine  is 
llise  out  completely,  then  collected  and  washed  with  alcohol  of  60  per 
I  with  alcohol  of  40  per  cent.,  and  finally  with  ether.  The  extract 
Id  water  from  20  to  30  grms.  of  opium  may  also  be  redissolved  in  cold 
ion  precipitated  by  ammonia ;  and  the  precipitate  collected  after  36 
ith  cold  water,  then  with  alcohol  of  40  or  60  per  cent,  and  crystallised 
hoi  of  86  per  cent    (Guibourt) 

(Am.  J.  Pharm.  xxxv.  28)  has  given  a  volumetric  process  for  estimat- 
d  otiier  alkaloids  founded  on  their  precipitabili^  hj  potaseio-mercurie 
ndard  solution  contains  13*646  ffrms.  (L  at)  mercuric  chloride  and 
e  of  potassium  in  a  litre ;  it  is  to  be  added  to  the  solution  to  be  tested 
rary),  and  gives  a  perceptible  precipitate  with  1  pt  of  morohine  in  2600 
i  formation  of  the  precipitate  is  not  interfend  with  by  extractive 
prevented  by  alcohol,  ammonia,  and  acetic  add ;  to  obtain  greater 
cess  of  the  predpitant  may  be  estimated  by  a  standard  silver-s^ution. 
ation  of  morphine,  see  further: — ^Fordos  (Compt  rend.  xliv.  1266; 
lb.  1857,  603);  Meurein  (J.  Phann.  [3]  xxiii.  176  and  262);  L. 
Ch.  Pharm.  dii.  271) ;  A.  Petit  (J.  Pharm.  [3]  xliii.  46) ;  on  an  older 
lermond,  seeJ.  Pharm.  xiv.  436. 

on  and  identification  of  morphine  in  cases  of  poisoning,  see  Lassaigne 
h  [2]  XXV.  102);  Mermer  (J.  Chim.  xxiii.  12);  Stas  (J,  Pharm. 
Flan  din  (Compt  rend.  xxxvL  617);  Otto  (Ann.  Ch.  Pharm.  c.  46); 
J.  Erdmann  (Ann.  Ch.  Pharm.  cxx.  121);  J.  Erdmann  (Ann. 
cii.  360);  Helvig,  Das  Mikroscop  in  der  Toxicologie,  Maiutz,  1864, 
rticle,  AxKALOiDs,  in  this  Dictionary,  i  126. 

;orpliine. — Morphine  dissolves  easily  even  in  dilute  adds,  forming 
I  salts.  It  decomposes  certain  salts  of  lead,  iron,  copper,  and  mercury, 
their  adds.  Most  morphine-salts  are  crystallisable,  inodorous,  bitter, 
us ;  they  are  soluble  in  water  and  in  common  alcohol,  insoluble  in  ether, 
alcohol.  The  solutions  exhibit  the  reactions  above'  described  fur 
ording  to  Lassaigne  and  Feneulle,  they  deposit  in  the  circuit  of  the 
needles  of  morphine  at  the  negative,  and  the  add  at  the  positive  pole, 
solutions  mixed  with  ammonia^  potash,  soda,  baryta,  lime,  or  magnesia 
le  as  a  crystalline  powder  soluble  in  excess  of  the  predpitant,  except 
magnesia,  diflScultfy  soluble  in  excess  of  ammonia.  According  to 
Pharm.  [3]  xiiL  143),  the  predpitate  formed  by  ammonia  is  composed 
bombohedral  crystals.  Morphine-salts  are  precipitated  by  th«  neutred 
e  alkali-metals,  and  the  precipitate  is  not  soluble  in  excess.  The  acid 
\e  alkali-nutals  precipitate  only  a  portion  of  the  morphine  from  neutral 
and  do  not  form  any  predpitate  in  cold  add  solutions.  Tartaric  acid 
?cipitiition  of  morphine  by  the  add  carbonates  of  the  alkali-metalSb 
Cuuipt  rend.  xxi.  210.) 
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$rate  8, — lodomeicnnte  of  potassium  throws  down  from  aqueous  sulphate 
kte  of  morphine,  a  pulverulent  precipitate,  which  soon  becomes  gelatinous, 
[e  in  hydrochloric  acid (r.  Flanta,Del f f s).  When  morphine, mercuric 
odide  of  potassium  are  brought  together  in  aqueous  solution,  a  double 
••.HgP  [or  C»'NH"0«.HLHg^l«?]  IS  precipitated,  sparingly  soluble  in 
iluble  in  alcohol  It  is  crystallisable,  free  from  water  of  crystallisation, 
sd  by  dilute  adds,  even  on  boiling,  or  on  addition  of  iodide  ot  potaa- 
osed  by  caustic  alkalis.  (Grores,  Chem.  Soc.  J.  zi  97.) 
'  Morphine  is  a  transparent  gum  exhibiting  traces  of  crystallisation. 
of  Mo rpkineiB  undystallisable,  very  soluble  in  water  and  in  alcohol ; 
salts.    This  salt  is  contained  in  aqueous  extract  of  opium. 

C«»H'»NO«.C«HK)*.— The  solution  of  morphine  in  hot  concentrated 
tic  acid  soon  deposits  white,  microscopic,  neeidle-shaped  crystals,  which 
cent  of  their  weight  at  110^.  They  are  rather  more  soluble  in  cold 
iter,  freely  in  aqueous  ammonia  and  potash,  not  in  alcohol  or  in  ether 
Ann.  Ch.  Pharm.  IxxxL  171).  A  dibiuie  mdlitate  apoears  to  be  formed^ 
lorphous  brittle  mass,  when  cold  aqueous  mellitic  acid  is  saturated  with 
the  solution  is  evaporated.  (Karmrodt) 
^  Morphine  forms  stellate  rays  soluble  in  1^  pt.  water. 
Recently  precipitated  pectic  add  dissolves  morphine,  even  in  the  cold, 
k  gum  which,  after,  oilution  with  water,  is  thickened  again  by  adds. 

(«. — Two  phosphates  of  morphine  appear  to  exists  the  neutral  salt  crvstal- 

,  the  acid  salt  in  tofts.    Phosphate  of  sodium  added  to  solutions  of  mor- 

ms  a  crystalline  predpitate  very  soluble  in  hydrochloric  add. 

Picric  add  forms  with  morphine-salts  a  sulphur-yellow  pulverulent  pre 

anta) ;  no  predpitate  with  the  acetate.    (MercL) 

ate. — ^Fissured  gum,  soluble  in  water  and  in  aloohoL    (Arppe.) 

ate, — Hyadnth-red;  soluble,  with  reddish  colour,  in  water  and    in 

ler.) 

r.— The  netUral  salt  (C«*H»*NO«)«.H«8O*.10H«O,  crystallises  in  tufts  of 

ms,  veiy  soluble  in  water  and  having  a  silky  lustre.    They  give  off  1 1*87 

0  at.)  water  at  130^.    There  i^ypears  also  to  exist  an  acid  sulphate  of 

ch  is  obtained  by  supersaturating  the  preceding  salt  with  sulphuric  add, 

dryness,  and  removing  the  excess  of  add  with  ether. 

bine  is  dissolved  in  duute  sulphuric  add,  the  solution  evaporated  tiU  it 

mpose,  and  cold  water  then  poured  into  it,  a  substance  called  sulpho- 

predpitated,  having  a  constitution  similar  to  that  of  an  amide— that  is 

be  regarded  as  produced  from  sulphate  of  morphine  by  elimination  of 

(C»'H"^0«)«H«SO*     -     2H»0     »     CWH*NK)»a 

Solphata  of  morphine.  Sulphomorphlde. 

hide  recentlv  prepared  is  white  and  amorphous,  but  soon  turns  green 
tubes.  It  diraolves  in  dilute  add  and  alkaline  liquids.  Strong  adds 
x>mpo6e  it,  forming  a  brown  substance. 

2nate^  C"H**NO*.CyHS. — ^An  alcoholic  solution  of  morphine  saturated 
•ly  concentrated  sulphocyanic  add  yields  small,  shining,  limpid  needles 
100°. 

Ltions  of  morphine  are  not  predpitated  by  sulphocyanate  of  potassium, 
r.  a.  Neutral,  CP'H"N0«.C*H«0«.3HK).— When  a  solution  of  cream  of 
alised  with  morphine,  cream  of  tartar  crystallises  out  first,  then  nodules 
le-salt,  which  must  be  removed  in  time,  so  as  to  keep  them  separate  from 
rtrate  of  potassium  which  afterwards  crystallises  out  The  salt  may 
h1  bv  slow  evaporation  of  an  aqueous  solution  of  tartaric  add  neutralised 
>.  It  forms  nodular  groups  of  crystals  consisting  of  dosely  aggregated 
3sces  on  the  surface  at  20^  ;  loses  on  the  average  6*64  per  cent  water  at 
6-8  per  cent),  no  more  at  146<*.  Exhibits  crystal-electridty  (ii.  411) 
0  1 30°  or  140°  and  retains  it  for  an  hour  after  cooling.  Soluble  in  alcohol, 
ned  aqueous  solution  is  not  precipitated  by  caustic  alkalis,  alkaline  carbo- 
e  of  caldum,  or  ammonio-chloride  of  ciiddum.    (Arppe,  J.  pr.  Chem. 

A  C'^»NO«.C«H«0«.JHK).— Obtained  by  mixing  the  solution  of  the 
ith  as  much  tartaric  add  as  it  already  contains.  Crystallises  l^  spon- 
ration  in  tufts  of  long  rectangular  flattened  prisms.  The  air-dried  Mil 
per  cent  (|  at)  water  at  140^ 
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The  hard  silyeiy  brilliant  internal  lajer  of  seren 
I  especially  oyater  shells,  often  exhibiting  brilliant  irideooenoe  arisin| 
9d  structure  of  its  surface  (see  Lioht,  p.  608).  It  contains  about  66  pe 
)  of  calcium,  2*5  organic  matter,  and  31*5  water. 

IM  OO&X  or  MEOUWTAZV  IMATWMtL    A  rariety  of  asbeeto 
ibree  are  so  interlaced  that  the  fibrous  structure  is  not  apparent. 
Bjn.  with  AzuBiTB.  (See  Caxbovatmb,  L  788.) 
.   Sjn.  with  MAULcmn.  (See  CASBOKArma,  i  788.) 
ZV  SO AV.    See  Stbatttb. 

DS.    C«H»«N«0*- (C^«0»)'«tlL  (Malaguti,  Compt    rend,  xxii 

H*  j^^ 
sd  by  the  action  of  ammonia  on  mudc  ether.  It  is  white,  very  slightly 
ng  water,  and  separates  on  cooling  in  microscopic  crystals  haying  thi 
khedron  with  rhombic  base,  truncated  on  both  summits,  and  looking  lik< 
It  is  tasteless  and  insoluble  both  in  alcohol  and  in  ether.  8peci(i< 
,t  13*5^.    Heated  with  water  to  136^-140^  it  is  converted  into  mncati 

0«H«NK)«  +  2BH)  -  C«H^NH*)«0*. 

ution  of  mucamide  mixed  with  ammoniacal  acetate  of  lead  forms  a  pre< 
moniacal  mucate  of  lead  or  mucate  of  lead  and  plumbammonium^ 
'Pb'')0".6H^0.  A  boiling  saturated  solution  of  mucamide  fonns  witl 
rate  of  silver  a  specular  deposit  of  metallic  silver, 
ims  brown  when  heated  a  few  degrees  above  200^,  and  jields  by  dry 
ter,  dipyromucamide,  a  small  quantity  of  pyromucic  add,  caibonK 
I  carbonate  of  ammonium;  the  residue  contains  carbon  and  pam- 

H*      ) 
OZB.    OH'*0*  -  (C*HH)^  VO*.— This  add,  isomeric  with  8acchari<< 
H«       ) 

reredbyScheelein  1780,  and  has  been  examined  chiefly  by  Laugiez 
li.  79);  BerzeliuB(tMcf.  xdi  141;  xdv.  5 ;  xcv.  31);  Malaguti 
I.  r2]  Ix.  195 ;  Ixiii.  86) ;  Liebig  and  Pelouze  (Ann.  Ch.  Pharm.  xix. 
(wid,  xxvi  16)  Hagen  (Pogg.  Ann.  Ixxi.  531);  Johnson  (Ann.  Ch. 
();andSehwanert(t6MiLcxvi.  227);  see  also  Gm.  xi  502 ;  Gerh.iLl43. 

id  was  formerly  represented  by  the  diatomic  formula      m        [0',but 

I  to  the  suffars,  it  is  now  regarded  as  derived  from  the  hexatomic  alcohol 
substitution  of  2  at.  0  for  4  at.  H,  being  accordingly  represented  by 

the  number  of  its  basic  hydrogen-atoms  being,  as  in  other 


H*        ] 
'H^0«)'»  [0«, 


qual  to  the  number  of  oxygen-atoms  which  have  entered  into  it  by 
Kekul^  Lehrbuch,  ii.  237.) 

I  formed  by  the  oxidation  of  milk-sugar,  lactose  or  galactose  (p.  1023), 
e,  and  various  kinds  of  gum  (viz.  gum-arabic,  tragacanth,  ftc.).  It  is 
sating  milk-sum  with  moderately  dilute  nitric  acid.  Aceoiding  to 
r  (Ann.  Ch.^harm.  Ixiv.  348),  the  best  proportions  are  1  pt  milk- 
nitric  add  of  spedfic  gravity  1*42,  the  vessel  being  warmed  till  the 
,  then  cooled,  and  afterwards  gently  wanned  toward  the  end  of  the 
iroduct  thus  obtained,  amounts  to  60 — 65  per  cent  of  the  milk-sugar 
cording  to  Pasteur,  lactose  treated  with  nitric  add  yields  twice 
acid  as  milk-sugar.  Gum-arabic  may  also  be  used  for  the  prepara- 
id,  1  pt.  of  it  being  heated  with  4  pts.  nitric  add  of  specific  gravity  1*36 ; 
IS  obtained  contains  calcium->salts. 

[fccid  is  purified  by  recrystallisation  from  boiling  water,  or  better,  espe- 
been  prepared  from  gum,  by  dissolving  it  in  ammonia,  re^tedly 
e  ammonium-salt  from  boiling  water,  and  finally  predpitating  the 
the  solution  bv  nitric  add  at  the  boiling  heat. 

ystallises  in  colourless  tables  with  square  base.  It  is  sparingly  soluble 
>luble  in  6  pts.  of  boiling  water,  and  insoluble  in  akJhoL  Sulpkuric 
with  crimson  colour. 

oiled  for  some  time  with  water  undergoes  an  isomeric  transformation, 
1  into  an  aod  (paramocic  acid)  more  soluble  and  mors  enorgetic 
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bvt  a  Um  acid  mneatea  of  1 
ttea  are  toj  aolaUe  in  wat 
are  deeompoaed  bj  acida,  vi 
B^e  off  the  odour  of  caramel 
out  Mm. — ^The  neutrol  eaU,  C 
ition  of  the  acid  with  ammon 
cooling.  The  ersrstala  are 
1  yellow  at  2209,  and  bctwee 
inde,  carbonate  of  ammoni 

qvantitiea  of  charcoal  and  p 

[^O*  -  C»HH)»  +  C( 
or  pTromodc  Ca 

im.  add.  an 

pyo-   -   c«HWO  + 

Dipjrmnacainidc. 
add,  formed  as  in  the  mannc 
omncamide  bj  the  action  of  t 

om  diBSolves  sparingly  in 
it  18  more  soluble  than  the  o 
monium,  G^NH«)0«JH»0. 
Ilia,  and  then  adding  an  equal 
lin  prisma  whidi,  alter  diyin 
It)  at  1(K)<>.  It  ia  more  ac^n 
Is  the  same  prodnrts,  togethei 
I  water,  appears  to  bou  bdb 
r. 

tm,  etrtmtiumtKDdealcwmxr 
rides.  The  barium-ealt  dried 
K)^,  has  a  similar  compositioi 
•H»Cn'0».H«0  (at  lOO^),  is  a 
C«HTe"'0«.2H«0  (at  lOOO),  ii 
enoQS  sulphate.  It  ia  peima 
'  and  leo^'. 

~A  kexbatie  (?)  tali  is  obtK 
ammoninm.  The  nemtral  ec 
iloride,  or  neutral  acetate  of 
M  off  iU  water  at  \Z(P. 
stum. — ^The  neutral  salt  ftn 
>,  which  remain  nnaltered  at 
iie  salt  diseolres  in  8  pta.  of 
it  is  insolnble  in  alcohol  Tl 
tiHDsparent  crystals,  which 

C«H"Ag^,  is  obtained  by  i 
mncate.    It  does  not  giTe  ai. 

um The  neutral  e(Ut  team 

VO  which  gire  off  8  at.  wat 
Bolation,  if   rapidly  boiled 
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[*NaK)'.H'0. — ^The  aeid  sodtum-^aU,  ookmrless  shining  prisms,  ooo 
iO*,7HH) :  they  gi^e  off  their  water  at  lOO^'. 
■XBS.  Amyl-mucio  aeid,  C*H*(C*H")0*,  is  produced  by  the  actic 
.  on  a  mixture  of  amylic  alcohol  and  mode  add.     It  is  cxystallisab] 
ng  water  and  in  aloohoL 

Ethyl.  The  neutral  compound,  C^H^W  -  CW(C«H»)«0»,  common] 
pr,  is  prepared  by  gently  heatmg  1  pt  of  mncie  acid  with  4  pts.  < 
U  it  turns  black,  then  leaving  it  to  cool,  and  adding  4  pts.  of  alcohol  < 
0*814.  The  mixture  left  to  itself  foir  24  hours  sobdifies  in  a  mae 
ihaken  up  with  alcohol,  thrown  on  a  filter,  washed  with  alcohol,  ai 
Etted  crystallisation  from  boiling  alcohoL 

yl  crystallises  in  transparent  fomveided  prisms,  terminated  by  a  sing! 
ce.  It  is  insipid^  at  first,  but  leaves  a  bitter  aftertaste.  It  melts  i 
les  in  a  crystalline  m^m  at  136°.  At  a  higher  temperature  it  is  r 
lol,  water,  carbonic  aohjilride,  acetic  add,  carburetted  hydrogen,  pyv 
charcoal.  It  is  insoluble  in  ether,  very  soluble  in  boiling  alcohol,  vei 
i  alcohol ;  tcit  soluble  also  in  boiling  water,  which  deposits  it  in  wel 
on  cooling.    The  alkaline  hydrates  decompose  it  like  other  ethen 

ts  it  into  mucamide.  

id  or  Mucovinic  add,  C«H'*0«-iC*H»(C«H»)0».  In  the  preparation  ( 
nucate,  it  sometimes  happens  that  an  aaueous  solution  of  that  con 
ure,  gives  off  all  at  once  a  very  dedded  alcoholic  odour,  and  yields  I 
ibstance  totallv  different  in  appearance  from  the  neutral  ether.  It 
ment  with  alcohol,  which  removes  the  neutral  ether,  and  the  residue 
or  three  times  from  water.  The  product  is  pure  when  its  solution 
ed  turbid  by  ammonia. 

id  is  white,  of  asbestos-like  aspect,  the  form  of  its  crystals  bein^  thi 
with  rhombic  base.  It  is  moderately  soluble  in  water,  very  skght! 
as  a  pure  add  taste,  and  melts  at  190^,  with  decomposition.  Tl 
ames  a  vitreous  aspect  on  cooling,  but  after  a  considerable  time 
Q  becomes  opaque. 

f  ammonium,  U"H*'(NH^)0',  is  verv  soluble,  tasteless,  and  has  a  slig] 
ts  solution  predpitates  the  salts  of  lead,  tUtfcr,  copper,  barium,  ax 
ilightly  those  of  calcium,  and  forms  no  predpitate  with  salts  of  gin 

All  the  predpitates  are  soluble  in  acetic  add. 
^n  of  ethylmucic  add  is  boiled  with  oxide  of  silver,  carbonic  anhydric 
tion  of  the  oxide  is  reduced,  and  a  silver-compound  is  formed,  whic 
Lightly  heated. 

Methyl,  C^"0*  «  C«H\CH»y(y,  is  prepared  like  mucate  of  ethj 
from  water  or  alcohol  in  laminift,  or  in  fiattened  six-sided  prism 
dlatile,  and  tasteless.    It  is  very  soluble  in  boiling  water.,  very  little  i 

It  decomposes  at  163^  without  meltmg,  and  then  changes  to  a  blac 
eUs  up,  and  gives  off  gases  containing  carbon. 
BS.    From  experiments  on  the  growth  of  these  fbngi  {Jteophm 
in  (Oompt  rend.  IviL  771)  oondudes  that  they  require  for  their  normi 

elements  of  phosphate  and  snlphate  of  ammonium  and  of  the  carb< 
im,  magnesium  and  manganese^  but  that  these  elements  are  not  all  < 
em.  If  20  grms.  of  the  plant  are  produced  in  a  given  time  in  a  lioui 
e  substances  above  mentioned,  then  in  the  same  time  there  will  I 
bsence  of  manganese,  6  grms. ;  of  sulphur,  2  gncs. ;  of  potassium  an 

1  gnu. ;  and  in  the  absence  of  phosphorus,  only  half  a  gramme  of  tt 
ents  in  which  these  fungi  were  developed  in  a  confined  volume  of  ai 
nitrogen  of  the  air  was  not  essential  to  their  growth.    Similar  result 

the  mineral  constituents,  have  been  obtained  with  plants  of  highi 
He  (Compt.  rend.  Ivii.  270). 

B,    The  gum  of  seeds,  roots,  &&    (See  Ohm,  u.  955.) 
e  name  of  one  of  the  constituents  of  gluten  (iL  873) ;  also  of  the  chit 
limal  mucus. 

he  normal  secretion  of  mucous  membranes.  It  is  found  in  the  respin 
uy,  digestive,  &c.  passages  of  animal  bodies,  mingled  in  certain  situi 
Ic  fiuids  ftimished  by  special  glands.  It  is  very  donbtial,  howeve 
retion  ought  to  be  condoered  as  the  same  in  all  cases,  whether  in  fiu 
ing,  mucus,  modified  Ir^  the  addition  of  other  matters  from  time  t 
liffereut  secretion  altogether  for  each  membrane  or  organ.    When  ol 

of  approxi«aate  purity,  mucus  appears  as  an  alkaline  fluid  of  a  ver 


Digitized  by 


Google 


Digitized  by 


Google 


MULHOUSE  BLUE— MUNJISTIN.  lOe 

percolated  through  the  cavities.  (Johnston,  Handw.  d.  Chem.  t.  401 

8  ftom  Wicklow  in  Ireland,  probably  identical  with  Pigotite,  has  bo 

A^pjohn  (Jahreeb.  1852,  p.  903). 

fUM  B&1JB.    A  blue  dye,  obtained  by  probnged  boiling  of  an  alkalii 

ellac  with  aniline-red.     (Sehaffer  and  Oros-Benaud,  BulL  Soc  I 

bouse,  xzxi.  238 ;  B^p.  Chim.  app.  iii  273.) 

»*B  CI&A88,  or  Hyalite.    A  variety  of  Opil  (q.  v.), 

ATB.    Syn.  with  Stltaiotb. 

ETB.    Syn.  with  YiyiANin. 

LZB&»  or  Galvanometer  (see  Elbctbicitt,  ii.  443). 

ST.  Sitbia  Munjista, — ^This  plant,  also  called  East  Indian  madder, 
dtivated  in  India,  its  root  being  used  as  a  dyestuff  for  producing  coloi] 
se  obtained  from  ordinary  madder.  The  colouring  matters  contained 
^r,  by  no  means  identical  with  those  of  common  madder;  in  ftu 
las  shown  that  it  contains  no  alizarin,  but  that  its  colouring  matter  ii 
rpurin  and  an  orangendye,  called  munjistin  (see  the  next  article).  Tl 
i  it  produces  are  brighter  than  those  of  ordinary  madder,  but  not 

ial  power  of  mmgeet  was  first  examined  byBungeinl  835,  who  report 
led  about  twice  as  much  available  colouring  matter  as  ordinary  madde 
it  experiments,  both  by  (German  and  by  English  dyers,  have  shown  th 
as  incorrect,  and  that  the  colouring  power  of  mui^jeet  is  actually  mu( 

of  ordinary  madder. 

amount  of  colouring  matter  in  munjeet  is  indeed  very  nearly  the  sax 

madder.    Stenhouse  finds  that  the  garancin  from  munjeet  has  abo 
:>rial  power  of  that  made  firom  the  best  madder,  viz.  Naples  roots ;  tho 
I  only  about  30  to  33  per  cent  of  garancin,  whereas  munjeet,  according 
Its  of  Mr.  Higgin  of  Manchester,  vieldsfrom  52  to  55  per  cent 
rity  of  mui\jeet  as  a  dyestuff  results  from  its  containing  only  the  coi 
ble  colouring  matters  purpurin  and  mui^jistin,  only  a  small  part  of  ti 
Available,  while  its  presence  in  large  quantity  appears  to  be  positive 
much  so,  indeed,  that  munjeet-garancin,  freed  by  boiling  water  from  tl 
of  the  munjistin  which  it  contains,  yields  much  richer  shades  wii 
ants  than  before.    (Stenhouse,  Proc.  Boy.  Soc.  xiii.  148.) 
rzv.  C>H*0*.  (Stenhouse,  Proc  Boy.  Soc.  xii.  633  ;  xiii  86, 145.> 
>lourin^  matter  contained,  together  with  purpurin,  in  mui\jeet  or  £a 
r.    It  IS  nearly  related  in  composition  to  purpurin,  C'H*0',  and  alizari 
ring  from  the  former  by  1  at  and  from  the  latter  by  2  at  carbon, 
^eet  in  considerable  quantity,  and  may  be  extracted  by  the  followii 

1  of  munjeet  in  fine  powder  is  boiled  for  four  or  five  hours  with  2  pouu( 
^  aluminium  and  about  16  pounds  of  water,  the  opiuation  beine  repeats 
imes ;  the  red  liquor  thus  obtained  is  strained  through  cloth  filters  whi 
I ;  and  the  dear  filtrate  is  saturated  with  hydrochloric  acid,  whereby 
edpitate  ia  soon  produced,  which  goes  on  increasing  in  quantity  f 
[lours  if  the  liquid  is  left  at  rest  This  precipitate  is  collected  on  dot 
ished  with  cold  water  till  the  greater  part  of  the  add  is  removed ;  th< 
»ed,  and  digested  in  a  percolator  with  boiling  sulphide  of  carbon,  whi< 
rystallisable  colouring  prindples  of  the  munjeet^  and  leaves  a  considerab 
irk-coloured  resinous  matter.    The  excess  of  sulphide  of  carbon  havii 

by  distillation,  the  bright»red  extract,  consisting  chiefiy  of  a  mixture 
i  purpurin,  is  repeateSy  treated  with  moderate  quantities  of  boilii 
pred,  the  dear  yellow  filtrate  consisting  of  a  solution  of  mui^jistin,  whi 
e  purpurin  remains  on  the  filter,  l^e  solution  addulated  with  hydr 
Iphuric  acid  deposits  the  munjistin  in  large  yellow  ^ocks,  which  a 
pd  on  a  filter  with  cold  water,  then  dried  by  pressure,  and  dissolved 
I  of  wine,  slightly  acidulated  with  hydrochloric  acid,  to  remove  any  adhc 

As  the  munjistin  does  not  subside  from  cold  alcoholic  solutions,  ev< 
■e  largely  diluted  with  water,  about  three-fourths  of  the  spirit  must 
ifter  which  the  mui^jistin  is  deposited  in  large  yellow  scales.  By  two 
isations  from  spirit,  in  this  manner,  it  may  be  rendered  perfectly  pure, 
nay  also  be  extract<»d  directly  froro  munjeet  by  boiling  with  water,  acid 
rk  brownish-red  filtrate  with  hydrochloric  acid,  and  treating  the  preci] 
;  but  the  process  above  described  yidds  a  better  product   The  colouri 
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amide  in  water  or  potaeh:  the  oystaUine  precipitate  i»  purified  by 
i  cold  sulphuric  acid,  and  precipitating  by  water;  or  by  diMolyin^  it 
precipitating  it  by  an  ado.  It  is  thm  obtained  as  a  heavy  white 
HUB  like  oramil,  iiiiisible,  tasteleoa,  and  doee  not  redden  litmna.  Il 
air  oontaining  ammonia.  It  la  almost  inaolable  in  cold  water,  re* 
han  10,000  pts. :  inaolnble  in  alcohol,  ether,  dilute  ralphuiie,  hydro- 
iphoric  acid,  or  in  aqueous,  acetic,  tartaric,  or  citric  acid.  It  is  soluble 
l  sulplkurie  acid,  and  reprecipitated  by  water ;  also  in  aqueous  dtkalU, 
dising  them,  forming  solutions  which  are  colouriess  when  air  is  ex- 

decomposed  by  dry  distiUationf  yielding  cranio  acid  and  other  prodnets. 
i  and  decomposed  by  ehlorinihwater,  without  yielding  cyanic  acid, 
with  strouff  nUrie  acid  it  is  dissolved  with  eronrescence,  giving  off 
rbonic  anhydrides,  and  yielding  on  er^wration  aystals  of  oxalate  of 
iweiss).  When  heated  with  aulpkurie  aeid^  it  eTolves  carbonic  anhy- 
de  nitrogen,  and  forms  a  brown  solution,  containing  ammonia,  and  not 
f  water.  Its  ooburless  solution  in  ammonia  turns  pniple  when  ex* 
r,  and  on  evaporation  yields  aystals  of  murexide  : 

C"HWO«  +  0  +  NB?    -    C«HWH)«  +  H«0. 
Morezao.  Momide. 

ition  is  decolorised  by  exposure  to  oxygen-gas,  oxalurate  of  ammoniufli 

n  ciicumstanoee  murexan  appears  to  combine  with  acids.  It  dissolres 
»  nUric  add  without  eflbrvescence,  and  yields  on  evaporation  small 
which  appear  to  be  nitrate  of  murexan.  When  dissolved  in  oxalic  acid 
ttle  nitnc  add,  or  when  heated  with  strong  nitric  add,  it  yields  crystals 
I,  which,  according  to  Kodweiss,  are  oxalate  of  murexan. 
tion  of  murexan  is  veiy  variously  stated.  The  analyses  of  Li  eb  i  g  and 
of  Kodweiss,  yield  veiproonflictine  results:  the  former  agrees  toler- 
•rmula  CHWO^,  which  is  aooordingly adopted  b^LiebigandWohlen 
^him.  org,  i.  1517)  considers  murexan  as  identical  with  dialuramidi; 
viewwmch  is  advocated  by  Beilstein  (Ann.  Oh.  Fharm.  cvii.  191X 
hose  analyses  murexan  contains  29*54  per  cent,  nitrogen,  which  agrees 
29-88,  the  calculated  percentage  in  C«H*N*0'.  Gmelin  adopts  the 
H)*,  which  ^ves  percentages  intermediate  between  the  analyses,  and 
^lest  equations.  Laurent  (Compt  rend.  xxxv.  629)  adopts  the  sams 
igards  the  compound  as  dialurimide— N.G^HV^O^.H. 

and  W.  ealc  Gmtlia. 

UaadW.  KodwalM.               ^ *> s 

38-82  86-58  C*        96        85-69 

8-72  2-22  H»         7          2-60 

25-72  28-45  N*        70        2602 

87-24  82-75  O*        96        8569 

8      100*00  100-00  100-00        G^H'NH)*  269      100-00 

F.T.a 
!»•    See  PuBPUBATia. 

Ear.  A  product  formed  by  the  joint  action  of  air  and  ammonia  on 
and  crystellising  from  warm  water  or  alcohol  in  vennilion-coloured 
ms,  two  faces  of  which  reflect  light  with  gold-bellow  colour.  The  sd«- 
npound  resembles  that  of  muradde,  exoephng  that  it  is  decolorised 
Dg  turned  blue  by  potash,  also  by  evaporation.  When  dried  at  100^^ 
lysis  numbers  agreeinff  approximately  with  the  fimnula  C^iP"JV>*0>^ 
J.  p.  Chem.  li  898 ;  Jahresb.  1850,  p.  484.) 

nrau    Syn.  with  AirHTDBm  (i  295). 

VO  JLOEU*    The  old  name  of  chlorhydrio  or  hydrochloric  add  (i  890). 

JHTATM.     A  variety  of  orthite  {q.  v.)  from  Baden  near  Marienbeig  ia 

!he  ripe  fruit  of  the  Banana  (Mu$a  varadiiiaca),  grown  in  Bengal,  oon- 
;  to  C ore n winder  (CompU  rend.  Ivii.  781),  78*9  per  cent  water,  4*82 
allulose,  0*68  &ts,  19-66  cane-sugar  and  inverted  sugar  (together  wif'h 
pectose,  and  traces  of  starch),  0*06  phosphoric  anhydride,  and  0*79 
»n,  chlorine,  &e.  The  ash  of  the  husk  of  the  ripe  fruit  was  found  ta 
carbonate  of  potassium,  6*58  carbonate  of  sodium,  25  18  chloride  o! 
IT 
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mtil  all  blood  ia  remored,  tlie  miudefl  then  rapidly  chopped  up  and 
pressure,  a  lipoid  will  be  obtained,  which  in  a  ghort  time  sets  &to  a 
lile  the  remaining  fragments  of  muscle  show  a  great  lack  of  rigicUtj. 
nent,  however,  much  oif  the  musde-snbstanoe  will,  throueh  the  tveat- 
rigid  before  the  liquid  can  be  expressed  irom  it  In  order  to  obtain 
gnlation  sufficient  to  justify  the  idea  that  the  rieidity  is  due  to  a 
musde-subetance  itself  and  not  of  any  lymph  or  pksma  bathing  the 
d  ftom  blood  by  the  injection  of  the  (1  per  cent.)  solution  of  chlonde  of 
minutely  diTided,  mixed  with  four  times  their  Tolume  of  snow  contain- 
hloride  ot  sodium,  and  the  mass  pulTcriaed  as  £ur  as  possible.  At  —  3® 
become  suffidentfy  liquid  to  be  filtered  through  linen ;  at  0^  it  ma^ 
through  filterinff  paper.  The  filtrate  then  appears  as  a  slightly  opa- 
b,  exposed  to  orcQnaiy  temperature,  will  speedily  set  into  a  ooagnlum 
sontaining  Tessel  may  be  turned  orer  without  any  fear  of  spilling  the 
temperature  of  40^  coagulation  takes  place  instantaneo^y.  On 
ulum  contracts,  after  the  fiuhion  of  a  blood-dot,  but  shows  a  ^pnat 
roduction  of  flocks  and  flakes,  and  leaves  the  suixounding  liouid  highly 
pting  the  phraseology  used  in  speaking  of  blood,  the  fluid  parts  of 
scribed  as  forming  a  musde-plaBina»  which  separates  into  the  mnsde- 
srum. 

[ulation  may  fiurly  be  supposed  to  be,  like  that  of  blood,  the  union 
compound  of  two  soluble  fiietors.  Kuhne  found  that  one  of  the 
9oagulation,  vis.  globulin,  increased  and  hastened  the  coa^lation  of 
The  cause  or  detennining  drcnmstance  of  the  coagulation  is  un- 

lame  given  by  Kuhne  to  the  musde-dot^  is,  vrhein  thoroughly  washed, 
1,  foims  when  wet  a  white  mass  of  little  transparency,  when  dry  a 
rtance.  It  sives  the  usual  protein  reactions,  and  contains  sulphur, 
i  water,  alcdiol,  and  ether,  exceedingly  soluble  in  very  dilute  adds, 
n  solutions  of  neutral  salts  of  all  decrees  of  concentration.  In  a 
ion  of  chloride  of  sodium  it  is  especially  soluble,  and  ma^  by  this 
d  from  musdes  already  coagulated.  (Hence  in  brine  there  u  always 
rideiable  Quantity  of  it)  If  such  a  solution  in  chloride  of  sodium  be 
dp  to  distilled  water,  the  myosin  is  predpitated  in  flakes  or  lumpe, 
Je  yesides.  The  predpitate  so  formed  is  unaltered  myosin,  and 
yed  in  the  chloride  of  sodium  solution.  The  precipitate  obtained, 
mtnlisation  of  dilute  add  or  alkaline  solutions  of  myosin  is  no  longer 
anged  in  character,  is  no  longer  soluble  in  the  chloride  of  sodium 
bits  the  reactions  of  syntonin. 

n  (that  is,  musde-plssma  minus  muscle-dot  or  myosin)  Kuhne  re- 
hree  forms  of  albumin : — 

whose  coagulation  depends  in  great  part  on  the  degree  of  addity 
lerum.    If  abundance  of  add  be  present,  coagulation  will  occur  at  a 
irasSO^.      In  this  body  Kuhne  recognises  the  mixture  of  potassie 
idic  phosphate  described  by  Bollett 
coagulating  at  45^. 

itity  of  albumin  coagulating  at  76^,  There  are  also  in  untouched 
iS  coagulating  at  90^.  The  flrst  fiorm  had  been  preyiously  reooffnised 
nle  u.  Mdssner^s  Berieht,  1869,  p.  471),  and  was  regarded  by  him  as 
rigor  mortis.  And  even  thougn  the  formation  of  myosin,  which  is 
t  of  tiie  formation  of  add,  be  considered  as  the  diid^  part  of  rigor 
bsequent  coagulation  caused  or  fiivoured  by  the  presence  of  the  add 
increase  that  condition. 

earches  of  Kuhne,  musdewas  considered  to  consist  of  a  small 
in  and  of  a  large  quantity  of  syntonin.  Myodn  is  not  the  same 
I.  Kuhne  contends  that  syntonin  does  not  exist  as  such  in  the  un- 
rat  is  an  artifldal  product  due  to  the  action  of  the  dilute  acid  on 
albuminoid  bodiea  He  attributes  the  rapidity  of  the  solution  of  the 
to  the  conjoined  action  of  pepsin  (the  presence  of  which  in  musdes 
y  BruekeX  and  affirms  that  a  formation  of  sjntonin  always  precedes 
nes  in  every  digestion  of  albumin,  v.  Wittich  (Kdnigsbe^.  vied. 
iK>  adopts  Uie  same  view  (see  SrirroinK).  Hence  muMle-flbrin  or 
[  by  lAebig's  method  would  be  regarded  as  consisting  of  myosin  and 
laung  at  80^ ;  musd^juice  as  a  mixture  of  the  ether  f&ma  of  albumin, 
ingular  in  being  tm-  mvoluntaiy  musde,  and  vet  beii^  oomposed  of 
It  is  remarkable  for  containing  inosite,  which  is  not  found  in  other 
ooholic  extract  exhibits  that  excess  over  the  wateiy  extract  which  is 
3t2 
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Wf  1861,  p.  t95),  howefw,  flnds  it  ?^lll  ngaid  to  oreatme^ 
it.)  belioTa  that  it  is  formed  at  the  expense  of  croafininey  n^ilo 
eh.  analyt  Chem.  1863,  p.  22)  legaids  creatiiiine  as  an  artificial 
natural  oonstttnent  of  muscla 

he  carbo-hydrates  in  mnsde  is  a  veiy  uncertain  one.    In  the  muscles 
eogen  is  fbond  in  abnndanoe  (Bernard,  Journal  de  Physiolog.  it 
}rid.  p.  333);  in  the  mnsdesof  adnlts,  oocasionaUy.  (Mcbonnellt 
638.) 

'hichezists  in  the  mnsdesof  the  heart,  Mei  ssn  e  r  (Henlen.  Heissner, 
bund  in  the  mnsdes  of  the  system,  a  fermentable  sn^  (not  arising 
presents,  as  he  thinks,  some  diflbrenoes  from  hepatic  sugar,  and  is 
scalar  metamoiphoeis.  Hariey  (Brit  For.  Med.  Cnir.  Review,  1857) 
Hs.  Med.  No.  23),  however,  find  reason  to  believe  in  the  destruction 
temie  capillaries  (and  therefore  m  part  at  least  in  the  mnsdes). 
fteris  jxmbua,  increases  rijB;ormortis»  it  might  be  inferred  that  one  at 
I  of  myosin  wss  developed  during  mnscolar  metamorphosis.  In  th« 
views,  the  nitiogenons  mnsde-snbstance^  the  Aplastic'  element,  it 
by  its  conversion  the  force  of  muscular  movements.  Others  (Tr  aube) 
lat  the  hydrocarbons  and  carbo-hydrates  (of  blood  and  mnsde)are 
;he  main  source  of  power.  M.  r, 

iMMm    This  bark,  used  in  Abyssinia  as  an  anthelmintic,  contains^ 
1  (J.  Pharm.  [3]  zUi  176),  a  shaip-tasting  colloidal  substance  called 
in  water  and  in  alcohol,  insoluble  in  ether. 
Cobalt-pyrites  from  Mnsen,  near  Si^gen,  in  Prussia  (I  1050). 

MoachtiA. — An  odoriferous  resinous  substance  contained  in  a  bag 
he  male  musk-deer,  a  small  animal  inhabiting  Tonquin  and  Thibet, 
unerce  in  brownish  clots,  often  mixed  with  hair,  sand,  hit  taid  resins 
Bte,  a  persbtent  odour,  Ib  very  inflammable,  and  partially  soluble  in 
oL  According  to  an  analysis  by  Geiger  and  Beimann,  it  contains 
irts  fat,  4*0  cholesterin,  5*0  bitter  xeein,  7*5  alcoholic  extract  (lactic 
Its  soluble  in  water  (potash  and  ammonia^  combined  with  a  pecoliar 
\'6  ammonia  combined  with  lactic  acid  and  water,  and  0*4  sand^ 
ny,  TraiU,  vL  240.  See  also  Ur^s  Did.  ofArU,  ^,  iii.  211.) 
UUUi.    SeeSHBLLS. 

fu.  with  diopside  or  white  aogite  (see  Auoit%  L  475). 
•    Syn.  with  Pabisitb. 

nice  of  the  gnpe,  expressed  for  makins  wine,  but  not  yet  fermented 
same  term  is  also  applied  to  the  freudy-expressed  juice  of  apple. 
I  to  conversion  into  coder  and  peny  by  fermentation. 

The  seeds  of  black  and  white  mustard  (Sinapis  nigra  and  8,  aiba\ 
ifted,  furnish  ihe  flour  of  mustard  used  as  a  condiment 
ite  mustard  ^dds  an  adi  containing  26*78  per  cent  potash,  0*88 
5*90  maffnesia,  0*39  ferric  oxide,  2*19  sulphuric  anhydride,  1*31 
»boric  anhydride,  and  a  trace  of  diloride  of  sodium :  100  parts  of 
elded  4*07,  and  100  parts  of  the  dried  seeds  4*45  parts  ash ;  100 
ied  seeds  were  found  to  contain  8*50  parts  moisture  and  1*212 
^ay  and  Ogston,  Jahresb.  1850,  Tkble  B,  p.  660.) 
IZ&S  OF.  a.  Fixed  Oils,  White  mustard-seed  yields  by  pressure 
;.  of  a  yellow  nearly  inodorous  oil,  which  has  a  specific  gravity  oi 
1  is  not  solidified  bv  cold.  When  saponified  with  soda,  it  yields 
kp  which  is  perfectly  soluble  in  water,  and  when  decomposed  by 
^elds  a  solid  crjrstalhne  add,  called  erucio  acid  (ii.  501)^  and  am 
arly  the  composition  of  oleic  add. 

»ed  yidds  18  per  cent  of  an  oH  similar  to  the  preceding^  having  a 
ut  solidifyingat  temperatures  below  0^.  According  to  Par  by  (Anik 
,  it  yiddis  by  saponification,  stearic  add,  erudo  adc^  and  an  ouy  add! 
When  the  fiour  of  black  mustard,  after  being  fr«ed  by  pressure- 
is  moistened  with  water,  left  to  itself  fbr  several  hours,  iad  then; 
;  it  yields  a  veiy  pungent  volatile  oil,  having  the  properties  audi 

hocyanate  of  allyl,  C«H*NS  -  c^|s.     It  is.  especially  distia- 

haviour  with  ammonia,  with  which  it  immediatdv  unites,  fens* 
iosinnamine  or  sulphocya»ate  oJ  ailyl-ammoniun 
ee  SuLFHOCTAiao  Ethibs). 
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eiiHir  fkttj  Babstanoe  oUaiatd  l^  evi^ocBtiiig  the  sboholie 
t  of  egg,  bndn-eubstance,  erjatallmeleiiBM^  and  other  animal  tisiiiMi 
Hiieh  is  espedaUj  ehacacteriaed  by  shooting  out  into  peculiar  spin] 
'hen  hnmersed  in  water  or  in  a  solution  of  sogar—is  fbnnd,  aoooraing 
ne  of  the  lower  animals  (e,ff.  in  Bdix  Potnaiia,  p.  140^  and  likewise 
onng  chlorophyll,  in  some  flower«talk8»  in  certain  seeds^  espeeiaUy 
s  accompanied  by  cholesterin.  (Jahresb.  1862,  p.  607.) 
JblrfI'Vr.  Afyrite-'Wajf, — ^A  solid  fSit,  obtained  br  pressing  tte 
jeri/era  (or  Af.  eordtfoUOf  John)  widi  water.  It  is  pale-green,  traaa- 
friable  in  the  oold;  of  splintezy  fraetnre,  less  extensible  when  warm 
IS  an  aromatic  taste  and  odour.  Speeifie  gravity  1*006  (Moove^ 
xxiii.  113).  Melts  at  47^  to  49^  (Moore).  When  purifiedby 
line  water  and  cold  alcohol,  it  melts  at  47*6^,  and  contains  74*03  m 
and  13*70  0  (Lewy,  Ann.  Ch.  Fhys.  [3]  xiii.  448).  It  oontsMS 
'  palmitic  and  a  small  quantity 'of  myristie  add,  for  the  most  pait  in 
to  a  smaller  extent  combined  with  glycerin ;  no  oleic  nor  any  Tdaitile 

0  pts.  of  hot  alcohol,  a  portion  (palmitin,  aoeording  to  Moore)  re> 
undissolved,  and  on  cooune  (  sc^parates  out ;  the  solution,  ibraied 
olidiftes  on  cooling,  and  when  perfectly  oold  is  no  longer  preeipi- 
b  is  neariy  insolubb  in  oold  ether,  but  dissolves  in  4  ^ts.  of  IWiling 
,  as  it  cools,  depositing  the  greater  part  of  the  tallow  without  eolonr, 

1  a  fine  green  colour.  Cold  oil  of  turpentine  softens,  and  hoi  oil  of 
I  ^  pt  of  it,  the  sdlutioo  on  cooling  depoeiting  while  opaque  grsnules. 
9S  easily  in  fixed  oils. 

[Brodie,  Ann.  Ch.  Fharm.  Ini.  244). — ^The  portion  of  beeswax 
in  boiling  alcohol.  It  ib  prepared  by  exhauiting  beeewas  with 
the  alcoholic  liquid  no  longer  givee  a  precipitate  with  acetate^  lead, 
obtained  melts  at  64^,  and  has  a  fiiint  waxy  edour.  It  consists 
teof  myricyl,  C^«H^«  -  C"HW(C"H*)0«;  mdbjr  diwokine  it 
Dg  the  solution  to  evaporate,  the  palmitate  of  myvicyl  is  obtfeinea  in 
stals,  melting  at  71*5^  or  72^,  and  easily  sapomfied  by  potash, 
olic  solution,  yielding  palmitic  acid  and  hywite  ef  mvricyl.  Crude 
saponification,  the  same  products,  together  with  small  quantities  of 
a  neutral  substance  resembling  hy<uate  of  ceryl  (i.  838).  Crude- 
ry  distillation  a  number  of  fktty  adds,  of  which  palmitic  add  forms 
,  together  with  solid  and  liquid  hydroearbons.  {See  "MmiMin^  868). 

nnSATS or.  Afdisaic  alookol,  Afe/tMtn, C**£PK)  -  ^]^^|  a 

ans.  1848  ;  Ann.  Ch.  Pharm.  IxxL  144.) — This  compound,  which  iss 
alcohol  of  the  series,  CH^'*'K),  is  obtained  by  t&e action  of  melting< 
in.  On  dissolving  the  product  in  water,  predfitating  the  milky 
lins  the  alcohol  in  suspension,  with  chloride  of  Mrium,  exhausting 
\i  ether,  and  leaving  the  solution  to  evaporate,  h^dRite  of  myricyl  is 
Y  be  purified  by  crystallisinff  it  from  ether,.  tiU  it  melts  at  86^.  A 
Ication  also  is  to  exhaust  the  prec^tate  with  boiling  alcohol,  and 
noe  which  is  depodted  from  the  alcohol  in  rock-oil  or  rectified,  coalr 

ior  then  retains  in  solution  a  smaD  quantity  of  another  substane* 

°  and  gives  by  analysis  the  same  numbers  as  hydrate  of  myiinL 

to  be  an  alcoliol  of  similar  constitution.  When  treated  with  petMb- 

ad  containing  CB^O*.  (?) 

ey\  is  a  crysuilline  substance  having  a  sifty  lustre;    It  oontaisB,  ao* 

's  analysis,  8202— 82*77  per  cent  C,  and  13'9T— 14*26  £L (cale. 

and  3-66  O.) 

1  to  dry  disttUoHon  it  partly  sublimes  unaltered,  and  is  partly 

r  and  a  solid  hydrocarbon  (melene,  p.  848).    Heated  with  potasi' 

drogen,  and  is  convertf^i  into  melissate  of  potassium : 

C"H«0  +  KHO  -  C"H«^0«  +  H«. 
ohvric  acid  it  forms  add  sulphate  of  m^Fricyl.    Chlorine  csnverts  it 
ly  {cklaromdal)t  which  gives  by  analysts  numbers  sorresponding  to 
•»C1>**0. 

ILCZn.    C'^H^O^-^"^"!©.      (Playfair,  Phil  Mag.  [3]  xviii. 

larm.  xxxvii.  168. — ^Heints,  Pogg.  Ann.  lxxxvii«  267;  xc.  137; 
^Summary  of  the  BentUst  J.  pr.  Chem.  lxvi«  1. — Uricoechea,  Ana, 
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nofwedby  Playfair,  mdobt 


B  of  riyeayl),  in 
-bmd  (ii.  S» 


SSO),  amouBUBg  to 
alio  IB  nuUl  jraantiW,  t^atl 
!•«,  Aim.  Ch.  nwiB.  facfi  S14 
>pe);  md  ia  eombiiMtion  wil 
ts).  Aflooidtag  to  Hoints  %i 
Dg  etU  with  potMb-lime;  but  i 
)  of  aMlhal  or  injhftic  doohol  ( 
Fran  BpgnmaeeiL—Whak  the 
iHifitiffln  of  ■pcnDftocti,  as  dc« 
obol,  a  mixtttra  of  palmitie  and 
^oth  thaae,  and  the  whole  of  th4 
ional  pneipitation  with  acetate 
lia)  the  alooootie  aolntion  is  aoa 
lioD  of  the  Bijnitie  add  banj 
id  and  the  zest  of  the  mjiistie 

ing  thesA  with  Junte  hjdroehli 
obtained  is  detenuDed ;  and  1 
aze^  and  do  not  dhBEer  sssentii 
Whm,  now,  the  jniztme  of  a^ 
oeltiBg-point  of  the  czystaUisi 
tops  oi  OTsUls  are  obtained  f 
1.  When  Uieir  melting-point  n 
m  they  solidify,  on  eoolin^  in 
ion  of  their  alooholic  solntions 
»  same  mrfting-point  are  obtai 
9,  when  pore,  the  same  melHng 
metimes,  especiallj  in  the  pre; 
*  sing^  aystallisatioos  anew 
reatment  and  examinatioB  of 
m.  xeiL  429.) 

its  obtained,  by  the  fint  preei| 
a-sslts,  from  each  of  which  h< 
r  pofiiant  of  add,  the  melting- 
to  separate  from  alcohol,  and  z 
last  oystaUisation  prored  to  I 
le  was  a  pore  acid  obtained. 
aystaUiMtions  in  seren  porti 
infi^  from  the  first,  aeoond,  and 
talusation,  pni«,  or  nearly  pore, 
ed  by  seren  times  repe^^  tli 
tion,  myristic  acid  mdting^ 
f  the  remaining  acids  of  the  ni 
did  not  yield  a  pore  add  Ir 
■res  of  palmitie  and  myristic' 
lie  part  which  first  separated 
zepBated  crystallisation ;  after 
of  the  adds  present  was  prec 
The  filtrate  mixed  with  wat 
lich  yielded,  on  reczystallisatioi 
ighteenik  and  nmetsentkporiian, 
eaeid.    The  quantity  of  myr 

biUier, — ^The  miztore  of  adds 
ap,  IS  freed  from  Tolatile  add 
Bg  the  lead-salt  with  ether,  af 
a.  After  removing  by  reoystai 
rith  a  melting-point  of  66^  or  i 
alcoholic  mother-liqnors  are  si 
ncsimn ;  the  myzistie  sdd  is  ti 
I  may  be  obtained  therefrom 
mess  at  first  predpitable  br  aei 
nedby  the  saponification  oidik 
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from  alooliol,  wiale  a  aeoond  portion  of  the  add,  togetlMr  with  lavric  add 
[ution.  This  latter  portion  maj  be  leoorered  bjpradijitatinff  the  solntioi 
t0  with  aeetate  of  maffnennn^  sepaiatin^  the  magnesia,  and  aystallinnt 
ortions  of  add  until  the  meltmff  point  nees  to  63*8^.  (Ondema nns.' 
yriitin,  F 1  a  j f  ai  r  saponifies  the  myiistin  of  nutmag-batter  with  strong 
. ;  washes  the  soap  repeatedly  with  solution  of  common  salt ;  and  after 
OSes  the  hot  aqueous  solution  with  hjdroddoric  add.  The  add,  whid 
coburleas  oil,  solidifying  on  cooling,  when  freed  from  idl  traces  of  hy< 
1  by  washing  with  water,  yidds,  on  repeated  crystallisation  from  alcohol 
istic  add,  haying  a  melting-point  of  49*8^  (impure,  therefore,  and  cob- 
h  an  add  containing  a  smaOer  prooortion  of  carbon).  (H  e  i  n  t a.) 
ifying  otoba  fat,  acids  are  obtameo,  fix)m  an  alcoholic  solution  of  whicli 
gnedum  precipitates  only,  or  chiefly,  myristic  add,  while  oleic  add 
ution.     (Uricoechea.) 

-DAyristie  add  forms  ^  white,  shining,  eiystalline  lamins^  resembling 
It  has  an  acid  reaction,  is  perfectly  insoluble  in  waUr,  but  dissdyet 
ileohol,  ciTstallidng  on  cooling ;  it  u  perfectly  insoluble  in  tiker.    It 
,  and  soUdifies  on  cooling  in  oystalline  scales.    (Heists.) 

Afeltinff-jKnnts  of  Mixture$  ofLanmc  and  MyrUHe  Acids,  aeeordhtj^  l» 
HeinU, 


eoC 

MelUat 

Sdlidlllat 
at 

ModeofMUdirjini. 

Laurie 

add. 

10 

61-8® 

47-30 

20 

49*6 

44-6 

Veiy  fine  crystals,  not  distangoash- 
able  as  dther  needles  or  scales. 

30 

48-7 

89 

Ditto                   ditto 

40 

48 

89 

Uncrystallised,  with  isolated  lus- 
trous spots. 

60 

37-4 

85-7 

Large  crystalline  iMwiinf^. 

60 

86-7 

88-5 

Uncrystallised,  with  isolated  lus- 

70 

851 

32-8 

trous  spots. 
Unciystallised,  wavy.             • 

80 

88-6 

38 

Ditto                   ditto 

00 

41-3 

86 

(Crystalline  needles. 

rred  that  when  the  lauric  add  amounts  to  40  per  cent  or  more,  the  melt- 
le  mixture  lies  bdow  that  of  dther  constituent  This  is  generally  the 
res  of  fiitty  adds,  when  the  quantity  of  the  more  fridble  coBstitncBt 
in  portion  of  the  whole. 

ms, — 1.  Myristic  add  subjected  to  dry  dutiUaiion,  is  partly  decomposed 
tilised  unaltered. — 2.  On  boiling  with  ni^nc  acidf  apart  is  oemrertea  into 
Its,  with  evolution  of  red  Tapours,  the  remaining  undissolyed  portion 
unchanged  myristic  add  (Play  fair). — 3.  By  the  dry  distillation  of  the 
yristone  is  pnxluced  ^0  t  e  r  b  e  c  k). — 4.  A  mixture  of  myristate  and  formate 
Ids  a  reputriye-smelling  oil,  which  depodts  a  small  quantity  of  a  solid 
I  last^  purified  by  recrj^tallisation,  forms  small,  white,  aystaUine  scalfs 
larger  proportion  of  carbon  and  hydro^n  than  would  be  contained  in 
rde  (Limpricht,  Ann.  Ch.  Pharm.  xcvii.  371). — 5.  M^rristate  of  potas- 
ith  oxyehtoride  of  ^kaspkorua^  yidds  myristic  anhydnde;  with  ckioride 
EO-myristic  anhydnde.  (Chiosaaand  Malerba.) 
. — ^Myristic  add  is  monobasic,  the  general  formula  of  the  myristatea 
0*  or  C**H**M''0\  according  as  they  contain  mono-  or  di-atomic  metala. 
\  of  the  alkali-metalB  are  not  decomposed  by  water  (like  the  stearatca) 

of  add  salts.    (Play  fair.) 

of  Barium,  C"H*'Ba"0\  is  obtained  from  chloride  of  barium  and 
>ta8sinm  bydouble  decompodtion  (Play fair).  Hein ts  predpitateshot 
tic  add  with  a  hot  concentrated  aqueous  solution  of  acetate  of  barium,  and 
npitate  with  weak  alcohol  and  hoi  water.  Oudemanns  predpitates  tha 
with  chloride  6i  barium.  It  is  a  rery  light  crystalline  powder,  consistine 
)8copio  nacreous  lamin».  It  is  Teiy  slightly  soluble  in  water  and 
Mwmposes  before  mdtbg. 
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MTRISTICA— MYRONIC  ACID.  1073 

rutiii,  which  floats  on  the  ntr&oe  of  the  liquid,  is  disaolTed  in  boiling 
ystab  which  separate  on  cooling  are  pressed  between  bibnions  paper, 
and  submitted  to  alternate  pressure  and  CEystallisation  till  they  melt 
.    (PI  ay  fair.) 

prepared  is  aystaUine,  and  has  a  silky  Instre.  It  is  soluble  in  all 
liliiu;  ether,  less  solable  in  boiUnff  alcohol,  insoluble  in  water.  By 
yields  acrolein  and  a  fatty  add.  X)igested  in  the  water-bath  with  a 
acetate  of  lead,  it  yields  insdtnble  myristate  of  lead  and  a  solution  ot 

ins,  according  to  Flayfiiix^s  analysis,  76*61 — 74*16  per  cent  C,  and 
numbers  agreeing  nearly  with  the  formula  G"*H"H>**  (calc  74*61  G^ 
'27  0),  according  to  which  myristin  contains  the  elements  of  4  at 
,  1  at  glycerin  mhuu  7  at.  water : 

CiiiH««0»»  -  8C««H«H)«  +   2C»HH)«  -  7HK). 
on  is,  however,  not  rery  probable,  no  corresponding  example  of  it 
ig  glycerides  of  wdl-known  constitution.   The  above  ibrmula  C**H*K>*, 
Itzien,  requiring  74*82  per  cent  carbon  and  11*91  hydrogen,  agrees 
1  the  results  of  Hayfidr^s  analyses. 

of  the  frait  of  MyriiHca  officinalis,  and  that  of  M,  ieh(fera,  possess 
*  to  those  of  nutmeg-butter. 

fLm  A  genus  of  plants,  including  the  nutmeg  (MyrisHea  modeiata\ 
Is  of  several  species  of  which  yield  solid  &ts  or  waxes.  Biehuhyba- 
Erom  MyrtBtica  Bicukyba;  Ocaborwax  from  M.  Ocaba  or  M,  sebtfrra, 
obite,  from  M.  Otoba  (see  Wax).  The  seeds  and  arillus  (mace)  of  M. 
eld  volatile  oils  by  distillation  with  water.   (See  Hacb,  p.  740 ;  and 

CV.    The  camphor  or  stearoptene  of  volatile  oil  of  nutmeg,     (Sea 

>    See  HTBEsno  Ethbbs. 

iSmozo  AranSBDB.  MyrigtaU  of  Bensoyl  ot  Betunaie  of 
:«0«  -r  C"H«'O.CH»0.0.  (Chioaaa  uid  Malerba,  ioe,  eU.y- 
action  of  chloride  of  benaoyl  on  myristate  of  potassium.  Cnrstal* 
tiaving  a  silky  lustre  and  agreeable  odour.  Melts  at  88°;  solidifiea 
f  soluble  in  ether. 

m.  O^HK)  -  C»*H«'O.C»»H«».  (Overbeck,  Potfg.  Ann.  IxxxvL 
b  obtained  by  distilling  myristate  of  calcium  by  smalTportions  and  at 
sasing  temperature.  It  is  purified  by  repeated  ctystallisation  from 
ad  decolorised  if  necessary  by  animal  charooaL 
08  colourless  nacreous  scales,  inodorous  and  tasteless;  they  become 
ion.  It  melts  at  75°,  and  solidifies  in  a  radiated  mass  on  cooling.  It 
81*81  per  cent  C,  and  14*07—13*96  H,  whence  Overbeck  deduces  the 
(calc.  81*96  C,  13*65  H).  Qerhardt  suggested  the  formula  above  given 
*7  H,  4*07  0\  representing  the  compounds  as  the  acetone  of  myristic 

»«  STBBZSa  OF.  C"H»  -  C»*H»H.— This  alcoholic  hydrid^ 
lied  hydride  of  tetradecatyl,  is  contained,  together  with  many 
'  the  same  series,  in  American  petroleum.  It  boils  between  236^  and 
BOLBUK  and  TsntADaoAmk) 

ACZ3>.  C'*H**NSK)**  (from  M^pM'f  ft  >weet- smelling  ointment). — An 
the  form  of  a  potassium-salt  in  the  seed  of  black  mustard,  and  giving 
ion  with  myiosin,  to  the  production  of  the  volatile  oil  of  black 
^ranate  of  allyl).  It  was  discovered  by  Bussy  (J.  Pharm.  xvi.  39) ;  and 
ich  was  afterwards  called  in  question  by  Thielau  (Viertetjahrsschr. 
161),  has  been  frilly  confinned  by  the  experiments  of  Ludwis 
$itschr.  Chem.  Pharm.  1860,  pp.  430  and  677)  and  of  Will  and 
Ch.  Pharm.  exxv.  267 ;  Jahresb.  1863,  p.  496).  According  to 
resb.  1849,  p.  436),  myronate  of  potassium  likewise  exists  in  hm»> 

'  ike  Potasnumsalt — ^Two  pounds  of  black  mustard-seed  pulverised 
m  fixed  oil  by  pressure,  are  boiled  with  2jf  to  3  pounds  of  alcohol  of  80 
1  a  fflass  flask  placed  in  a  watez^bath  till  about  half  a  pound  of  the 
id  off;  the  powder  is  then  pressed,  and  the  residue  is  subjected  to  the 
The  press-cake  (weighing  fit>m  660  to  670  grms.),  after  being  well- 
ised,  is  next  macerated  for  about  twelve  hours  with  3  pts.  of  cold  water ; 
oved  by  decantation  and  pressure ;  the  residue  is  again  treated  with  S 
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l¥Iien  a  noderately  conoentnted  aoueona  sdiution  of  m3nonate  cf  potAminxn  is 
mixed  with  nitrate  of  silver,  nitric  acid  is  set  free,  and  a  white  cntdj  precipitate  Is 
formed,  containing,  when  dried  over  oil  of  Titnol,  the  elements  of  sulphocyanate  of 
allyl  and  sulphate  of  silyer  (C*H»Ag^S*0*  -  C«H*N8^g«S0<).  Its  formation  is  re- 
presented by  the  equation, 

C*H»"KN8»0«  +  2AgN0»  -  C«H»Ag«NS»0*  +  C^'K)«  +  KNO»  +  HNO». 

This  silfier-ooinpound,  heated  either  alone  cr  with  water,  is  resolTed  into  sulpho- 
cyanate  of  aUyl,  sulphate  of  silver  and  sulphide  of  silver ;  it  is  also  decomposed,  with 
eiTolution  of  mustard-oil,  hy  chloride  or  sulphide  of  barium^  or  by  rinc.  When  it  is 
treated  with  hydrochloric  acid,  the  liquid  filt^ed  from  the  chloride  of  silver  contains 
half  the  sulphur  in  the  form  of  sulphuric  acid,  but  no  sulphvdric  acidor  sulphoeyanate 
of  allyl  is  produeed.  The  silver-compound,  suspended  in  a  large  quantity  of  water,  is 
decomposed  bv  ntlphydric  acid,  with  formation  of  a  precipitate  of  sulphur  and  sulphide 
of  silver  j  and  the  strongly  acid  filtrate,  which  contains  half  the  orieinal  quantity  of 
sulphur  in  the  form  of  sulphuric  acid,  yields  by  repeated  distillation  an  oily  layer, 
oonsistnig  of  cyanide  of  ally],  CH*.(^: 

C*H»Ag«NS«0*   +   H«S    -    C*H»N   +  Ag«S    +    S   +  H«SO«. 

The  cyanide  of  allyl  thus  produced  differs  considerahly  in  its  properties  from  that 
which  Li  eke  obtained  by  the  action  of  cyanide  of  silver  en  iodide  of  allyl  (ii  203), 
It  is  a  colourless  neutral  oil  of  agreeably  alliaceous  odour  and  burning  aromatic  taste. 
Specific  gravity  —  0*8389  at  12'S9.  Vapour-density  »  2*32  (calc.  2*31);  boiling 
point  116^  (corrected  118*3*^).  Heated  with  strong  potash-ley  in  a  sealed  tube,  it  is 
resolved  into  ammonia  and  crotonic  acid,  C^H'O*.    (Will  and  Korner.) 

METX08ZV.  An  emulsion-like  substance,  of  the  albuminous  or  protein  dass,  con- 
tsined  in  the  seeds  of  black  and  white  mustard,  and  possessing  the  property  of  decom- 
posing the  myronate  of  potassium  contained  in  the  former,  with  production  of  sulpho- 
eyanate of  allyl  or  volatile  oil  of  mustard.  It  is  likewise  contained  in  the  seeos  of 
either  cmdfeioiis  plants,  viz.  Baphanus  sativus,  Brassiea  NapuSf  Br,  oleraeea  and 
Br.  eaimpestris,  AUiaria  offieineuis,  Cheiranthus  Cheiri,  Draoa  vema,  Cardamine 
pratensiSy  C,  atnara  and  ThUupi  arvense.    ^Lepage.) 

To  prepare  it,  pulverised  white  mustard  is  exhausted  with  cold  water ;  the  filtrate 
evaporated  to  a  syrup  at  a  temperature  below  40°;  the  syrup  precipitated  by  a 
moaerate  quantity  of  ucohol ;  the  precipitate  dissolved  in  water  after  the  alcohol  has 
t}een  poured  off;  and  the  solution  evaporated  to  dryness  at  a  temperature  below  40^. 

Myiosin,  ss  thus  obtained,  resembles  other  protein-compounds.  When  incinerated, 
it  leaves  sulphate  of  calcium. 

In  the  state  of  aqueous  solution,  it  i»  coagulated  by  heat  and  also  by  alcohol,  and 
loses  its  power  of  eliminating  oil  of  mustard  from  myronic  add,  but  recovers  this 
-power  after  immersion  in  water  for  twenty-four  to  thirty-six  hours.  It  does  not  eliminate 
hydrocyanic  acid  from  amygdalin. 

The  aqueous  solution  of  myrosin  is  transparent,  colourless,  and  gummy,  and  froths 
when  agitated.    (Bussy,  J.  Irharm.  xxvi.  44 ;  Winckler,  Jahrb.  pr.  Pharm.  iii.  93.) 

MTBOZOOAJfcFXV.  (Stenhouse,  Ann.  Gh.  Pharm.  Ixxviii.  306.)— A  crystal- 
lisable  substance  extracted  from  white  Pern  balsam  (i.  496).  On  digesting  this  bahiam 
with  alcohol  of  ordinary  strength,  a  great  part-  dissolves,  and  the  solution  gradually 
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MYROXYLIC  ACID—: 

AOXB.    The  name  giyen  \y 
(L  981)  by  ^holic' 


AS.    The  tree  wl 


lere  ezades  a  gnm-zenn,  which, 
oontains  77*4  per  cent,  renn,  17 
together  with  volatile  oiL  It : 
tmus  slightly.  This  gam-retiii 
Uam  obUined  from  the  fruit  of  1 
l^m-recin  which  ezades  from  1 
wing  in  Arabia  and  Abyssinia, 
ih  o^onr,  and  irre^plar  shape,  h 
i-transparent,  fragile,  shining  wi 
rongh  bitter  taste^  and  a  ftrong, 
t  analyses  of  myxrh: 

.    280        27-8 

1  .        .        •      2-5  2-6 

.    46-0        64-4 

fttters  (potM- 
sofsulpnoric^ 
malic,  aoetie 

'•. 1-4  (« 

imporitiet     ...         1*6 

ation  of  mjrzrh  eonoentrated  by  i 
ne,  solable  in  ether,  slightly  solal 
to  nitric  and  acetic  acid, 
ailed  myrrhin,  remains  dissolTi 
ion.  It  has  the  odonr  of  myrrh. 
Heated  for  some  hours  to  168^it 
idd?),  and  leayes  a  red-brown 
ble  in  alcohol  and  ether,  insolnbl 
,  This  imxlact  imparts  a  Tiol 
one  add  with  red-brown  oolonz 
irdrogen,  and  17*16  oxygen.  (I 
il  (myrrhol)  obtained  by  disti 
k,  yellowish,  has  a  rough  taste  ai 
atact  with  Uie  air,  dissolves  in  al 
Icoholic  solution  in  the  form  of  s 
ing  to  Ruikholdt,  79*61  per  cent 

lem.  Soc.  J.  zriL  11)  has  exam 
myrrh  with  water.  It  was  yer 
to  boil  at  about  266^,  giving  an  < 
lenish  colour,  and  strong  smeU  ol 
10189  at  16'6P.  Index  of  refrs 
t72.  Botatoiy  power  —  —  186. 
kdXrmBXMb.    See  the  lasts 


fyrtHS  eomnumU, — The  berries  ( 
^ntr.  1860,  p.  819).  ohlorophyl 
he  leaves),  a  fixed  oil,  tannin,  si 
and  small  quantities  of  potash  i 
the  volatile  oil  of  myrtle,examin< 
T  between  160®  and  176^',  leavi 
Msid.  The  rectified  distillate  sme 
^droearbon  isomeric  with  oil  of  t 
Index  of  refraction  at  14*',  fior 
Msifie  rotatoiy  power  —  +  21^ 
nhyrlrous  cuprie  ortho-carbonate 


Digitized  by 


Google 


INDEX 


TO 


THE  THIBD  VOLUME. 


H. 

PAOB 
1 

.'     .'     !  "i 

.       .       .  8 

lin  or  HamaSo-globaUii  — 
ImauiUn), 

**.*!!« 

.'     •'     .'     I     !  "e 

inflate  •     •     •     •  — 

id  •              •       •       •  — " 

Steatite). 

Dermis    .       •       •       •  — 

Adiof  .       •       •       •  7 

^annalioe     •       •       .  8 

line      ....  9 

>-pityohinw>Hii>  •       •  -» 

10 

line      .       .       .       .  — 

le.       ....  11 

trobArmine   .       •       .  -> 

'-»- — ««-                   .  18 


16 


Heat 

Sotuces  of  Heat  ... 
Measorement  of  Heat 
Thermometrj 
The  Mercurial  Thermometer 
The  Welffht  Thermometer  . 
Regnanlt^i  Air  Thermometer 
Deyille  and  Trooet's  Iodine  Fy 

rometer    .... 
BegnaoIt*s  Mercaiy  Pjrometer 
Regnaalt*8  Hydrofj^en  'Pyrometi 
The  Thermon'iuliipiier 
Siemens'sRetistanceThermometf 
Galorimetry     .... 
Changes  of  Temperature  produce 
by  Heat 
Specific  Hbat 
Determination  of  Specific  Hea 
by  the  Method  of  Mixtures 
By  the  Melting  of  Ice 
By  the  Method  of  Cooling 
Table  of  Spedilc  HeaU  of  Etc 


of    Inorganic    Com 

pounds    . 
of  Alloys    . 
of  Liquids  . 
of  Gases  and  Vapour 
of  Platinum  at  differ 
ent  temperatures 
Belatkms  between  Specific  Hea 
and  Chemical  Composition 
Real    and    apparent    Spedfi 
Heat     .... 
Changes  of  Volume  produced  bi 
Host     .... 
Expansion  of  Gases . 
Expansion  of  Liquids      . 
Absolute  Expansion  of  Mer 

cury  .... 
Apparent  Expansion  of  Mer 

cury  .... 
Expansion  of  other  Liquids 
Expansion  of  Water 
Points  of  maximum  Density 
and  C/ongelatioo  of  Aqueoii 
Solutions  . 
Tables  of  Expansion  of  Li 

Snids,  as   determined   b; 
Lopp  and  Pierre 


Digitized  by 


Googk 


PAOB 

Healt 

Ezpanikm  of  Solids        •  67 

Linear  Expandon  .  .  68 
Cubical  Expansion  .  .  70 
Expansion  of  Crystals.  72 

Relation  between  the  Specific 
Beats  of  Liquid  and  Solid 
Bodies,  and  their  co-efl!- 
dents  of  Expansion  at  dii* 
hnni  Temperatures         .     78 
Ghanaea  of  State  of  Aggregation 
produced  by  Heat : — 
Fusion  and  Solidification  .        .      74 
Meltingand  Freesing  Points      — 
Latent  Heat  of  Fluidity       .      76 
Changes  of  Volnnie  accom- 
panying Fusion  and  Solidi- 
flcation      ....     78 
Solution  of  Solid  Bodies  in 
Water       ....      79 
Table  of  Freesinff  mixtures .       .     80 
Vaporisation  and  Condensation  .     — 
Tension  of  Vapours ...      81 
Maximum  tension       •  82 

Distinction  between  Vapours 

and  Oases.       ...      88 
Boiling  poinU:  EbmOUkm  .      — 
Determination  of  Boiling 

points    ....      84 
Kopp's  Table  for  the  cor- 
rection of  Boilins  points     86 
Gircnmstances  whkh  mo- 
dify the  Boiling  point  .      87 
Mier«dal  state  ...      88 
IJfKt  of  Substances  in  so- 
lution on  the  Boiling  point 
ofUquids         ...     89 
Halations    between    Boiling 
point  and  Chemical  Com- 
position    .       .       .       .     — 
lleasurement  of  the  Tension 
of  Vapours    ...      91 
Tension    of    Vapours    of 
mixed  Liquids  and  saline 
SoluUons      ...      94 
Tension  of  Vapours  in  an 

uneTenlyheated space  .      95 
Complete  vaporiaatlon  of 
Liquids  nnder  great  pres- 


LatsntHeatofVaporisatioa    .      96 
Gold  produced  bjr  Vaporisa- 
tion :Iiaiit^SMlMiier  Goats     97 
DistilUtion  ...  98 

Sublimation.       .       .       *    101 
Changes   of  PhysiGal  Stmctnrs. 
produced  bv  Heat    ...      — 
Bslatioas  of  Best  to  Chsmiesl  Afl- 

nity 102 

Heat  STolTsd  in  rapid  Combos- 

tiotts 108 

Heat  of  Combustion  of  Etemeotaiy 

Substances  in  Oxyveo     .       .    106 
Beat  of  Combustion  ofCompoimds 

in  Oxygen  .107 

Combustions  in  Chlorine,  fte.      .    109 
Beat  produced  by  Reactions  in 

the  wet  way     ....      — 
Cold  produced  by  Chemical  De- 
composition .118 
Indirect  Methods  of  determining 
the  Heat  of  Combustion  .        .114 
Belation  of  Heat  to  Electricity,  &c     1 18 


Heat: 

BelaUons  of  Heat  to   Mwhwiirsi 

Energy ill 

Work  produced  by  Hent      •       .   » 
Heat  inroduced  by  WorlL  .   Id 

Experimental  determiiuitioii  ef 
the  Mechanical  Eqnirnleotef 

Heat IS 

Dynamical  Theonr  of  Hast.        .   lH 
Radiation  and  Conductton  of  Hest 

(s.  Radiation). 
Appendix  ; 

Table  of  Temperatures  at  wbich  the 
vapour-tensions  of  certain  liquids 
«  760  muL  of  mercury 
Table  of  Specific  Heate  at  wniious 
substances  in  diilbreot  atotas  ef 
Aggregation  .         .        .   136 


US 


Heavy  spar    »       •        .       .         . 

.  ir 

Hebetin 

.    \M 

Hedenbergite 

Hedera   ..... 

. 

Hfdericacid 

^ 

Hederin 

^ 

Hedyphane    .       •       •       .        . 

,     . 

Helenene 

^ 

Helenin 

_ 

Helianthicacid      .... 

_ 

Helianthus 

_ 

Helicin 

_ 

Helicoldin 

.    14« 

Heliotrope     .... 

Helix 

_ 

Helleborine 

_ 

HelfeflinU      .... 

.    141 

Hellenene  (s.  Helenene). 

HelleninCs.  Helenin). 

Helminth 

^ 

Helmintholite        .... 

. 

Helvin 

„ 

DOo). 

,     * 

,     — 

Bemimorphite       .... 

HeinipinJc  add      .... 

'Hemipinatcs  .       .        .        , 

!  li 

H           ' gen,  fi.  906). 

H                          .       •       •        • 

^^ 

B                          .       •       •        • 

, 

B                        f        .       .        . 

. 

B                        of      .       •        • 

.    114 

H                        of      .       .        . 

^     « 

B                        of      .       .        . 

,     — 

B                        )f       .       .        . 

.  m 

B                          .... 

.    t€ 

B                       iteof.       . 

,  — 

B                         .... 

,   « 

B                       «... 

— 

B                         .... 

. 

[eptylene    . 

.    141 

Chloride  of  Heptylene    . 

,     — 

Chlorheptylene 

BydriodateofHeptylena        .       . 
BeptyUthylic  ether     .        .         .       , 

Itf 

Heptrl-aldehyde  (SL  CBnanthol).   .        , 

— 

Heptyl-methvKc  ether  .        .         .        . 

- 

Heplvl-snlplmiic  add    .        .        .        . 

- 

Herapathite 

Heranite 

. 

Digitized  by 


Google 


THE  THIRD  VOLUME. 


107< 


PACK 

.       .       .       .    149 

PAG 

Hornblende: 

oouy. 

Tremoliie,  AednolUe,  AtbaUrn, 

•           •           •           • 

-. 

u 

•           •           •           • 

160 

2.  Hornblendes  containing  Alandna: 
Qmmom  Hombbiule,  UroHU,  Di- 

n 

•         •         •          • 

» 

«,U.607> 

attatUB     •        •        .        •        • 

»te). 

Altered  forms  of  Hornblende 

... 

Hornblende-rock 

• 

— 

Horn-lead              .       .       , 

•       •       ■ 

Hom-qnicksilTer 

•       •       • 

• 

161 

Hom-silTer 

Homstone 

te).' 

Horny  Tissue - 

, 

__ 

Horse-chestnat 

i; 

• 

, 

«« 

Ash  of  Horso-cbestnnt 

i: 

^~ 

Horse-fleah  ore 

It 

i^    (1.  Phos-' 

Honffhite 

Ho^te 

. 

• 

— 

Howardite 

i: 

Haanokine     •••••• 

Hndsonite 

, 

•       •       .       . 

— 

HamboldtiUta  (s.  Mellilite,  iiL  869). 

fl  .       .       . 

162 

Hnmboldtine  (a.  Oxalite). 
Hnmboldtite  (a.  Datholite,  p.  806). 

— 

1    .       •       . 

168 

Hnmicacid(8.Ulmicacid> 
Hamitc  (s.  Chondrodite,  980). 

qrl.       . 

.y\.       .       , 

^^ 

Hnmopic  acid 

, 

I     .      . 

— 

Hamoofs  of  the  Eye  (s.  Eye,  iL  664). 

,       , 

154 

Hnmos 

1 

acidi    . 

z 

Hnnterite       ....,, 

lezyl     . 

Horeanlite 

^ 

166 

Horin 

[ 

.. 

Hnronite 

^ 

_ 

Hversalt 

,       , 

— 

Hyacinth  (s.  Zircon). 

•       • 

166 

Hyananche 

rine        ! 

168 

Hyalite  (s.  Opal). 
Hyalomelane  (s.  Tracbylyte). 

,       , 

169 

Hyalophane 

add       . 

160 

Hyalodderite 

HybUte  (s.  Palagonite). 
Hydantoicsdd 

1 

add!     . 

— 

aced  by  the  action 

de  of  Phosphorus  on 

Hydantoln 

a                •                •                • 

161 

Hydrsdds 

dd.                . 

— 

Hydracrylic  add 

add 

— 

Hydramides 

, 

162 

Hydransotin 

1 

,       , 

— 

Hydrargamyl,  HydraT^ethyl,  8tc  (s. 

, 

— 

Merrary.radicles,  Organic,  iii.  922). 

,       , 

4 

— 

HydrargylUte  (s.  Gibbsite,  iL  888). 
Hydrargymm  (s.  Mercniy,  iii.  888). 

•       • 

— 

,       , 

168 

Hydrastine 

,       , 

— 

Hydrates 

1 

, 

.. 

Hydrides 

^driodic  add  (s.   lodhydric  add,  iiL 

2o4). 

I 

lite,  1 1026). 

L  Isomorphism,  iii. 

• 

Hydroaloetic  add 

11 

•       •       •       . 

-> 

Hydroapatite         .... 

,       , 

•— 

11 

•       • 

_ 

Chloro-hydrobenzamide 

11 

:es . 

164 

— 

11 

lite,' iiL  871). 

Hydrobenzile 

Hydrobennnn         ...... 

* 

166 

Hydroberberine      ...... 

,       , 

Ethyl-hydrobcrberine     . 

11 

•       • 

167 

Hydroboradte 

• 

iie,kl70>  ' 

Hvdrobromic  add  (s.  Bromide  of  Hy- 

.... 

— 

drogen,  L  672). 

tb  little  or  no  Alu- 

Hydrobryetin 

Hydrobucholzite  (s.  Kyanite,  iiL  449). 

V. 

8 

Z 

Digitized  by 


Google 


Digitized  by 


Google 


THE  THIRD  VOLUME. 


]0C 


d  anhydride 


PAOB 

287 


Iodine,  Oxygen- 

nobiam\ 

trogen.  Oxides  oO* 

d  .       .       .       .240 

d  (s.  Phoephonuy 


I'l-   .    .    . 

dd  .  .  . 
I  .  .  .  . 
r  Hypoeulphooo- 
lo-nuphnric  adds, 

I  (8.  Solphoglntic 

ifiid  .  .  . 
sandHyposnlplio- 
Snlphonai^thalic 

sandHyposnlpho- 
Phoepnonu,  Bnl- 

Hyposnlnhnrons 
xygen-adda  of). 
Vanadimn). 


.    241 


241 


D,  ii.  826). 
,Apophy1]iteL861). 


.689). 
ue'aeld,'iiL  40$). 


242 


249 
244* 


245 


246 


Imperatorin  (t.  Peocedanin). 
Indneration  (b.  Ash,  i.  417). 

Indelibrome 2 

Indianite 

Indian  Ink,  or  China  Ink 

Indian  Red 

Indian  TeUow 

Indican 

Oxindicanin,     Oxhidicadn,     and 

Indicasin 2 

Indicanin 2 

Indiftilyin 

Indiftiscin  and  IndUhscone    ...    2 

Indiglndn 

Indigo-blne 2 

Preparation  of  Commercial  Indigo . 

Purification 2 

a.  Cold  Vats: 

1.  Copperas  or  CommonBIne  vat 

2.  Orpiment-vat     ...    2 
8.  Tin-Tat       .... 

a.  WarmYaU: 

1.  Wood-vat  or  Pastel-vat 

2.  Potash  or  Indian-vat  • 

8.  Urine-vat    .... 
Purification  by  Sublimation    .    2 
Preparation   of  Indigo-blue  from 

Indican 

Properties 

Decompositions       .... 
Testing  and  Valuation   ...    2 

Indigo-brown 2 

Indigo-gluten 

Indigo-green -      . 

Indigo-purple 

Indigo-red 

Indiffo-snlphurio  adds  ....    2 
Hyposulphindigotic,     or      Hypo- 

sulphocoerulic  acid 
Sulphindigotioadd  and  Sulphindi- 

gotates 2 

Snlphophoenidc  add  .  .  .  2 
Decompodtion-products  of  the 
IndijKO-sulphuric  adds: — Sul- 
phonavic,SuIphoftilvic,  Sulpho* 
rufic,  Sulphopurpuric,  and  oul- 
phoviridic  adds       .       .       .    2 

Indigoticadd 2 

Indigoten  (%,  Indigo-blne). 

Indigo-white 

Indigo-yeiiow 2 

Jndinnmin 

Indin 

Dibromindin 2 

Dichlorindin 

TetracUorindin       ....    2 

H^drindin 

Nitrindin 

Indin-sulphuric  add      ....    2 

Hydrindin-sulphnric  add 

Leudndin-snlphnric  add        .       .    2 

Indiretin 

Indirubin 

Indium 

Induction.  Electrical  (s.  Electridty,  ii. 

884, 451). 
Induction,  Ifagnetic  (s.  Magnetism,  iii. 

761). 
Induction,    Photochemical    (s.   Light, 
Chemical  Action  of,  iil  680). 

Inftisoria S 

Inftisorial  earth 

Ink 5 


3  s  2 


Digitized  by 


Google 


Digitized  by 


Google 


THE  THIRD  VOLUME. 


1083 


PAOK 

Bof 822 

«n-8alUof       .       .       .  — 

idesof     ....  828 

Ammoniaoal    •       •       .  — 

824 

toline,L871> 

826 

Iron        .        •       .       •  826 
•  of  British  and  Fmreigii 

able  iron  .       •       •       .  828 

Pig-iroQ.       •       •       .  829 

« 882 

e  of  Metallic  iroa: 

iriciron    ....  886 

oric  iron  ....  886 

Magnetic  Oxide       .       .  — 

^erric Oxide:  lUdffamatiUf  887 

lUtrinmore      .        .        .  888 
Ferric  Hydrate:  Brown 

re     ,        .        .        .        .  — 
Ferroiia  Carbonate:  Spo' 

nmt  ore      ....  oo9 

»n  ore       .       .       .       •  840 

Iron  sulphides .       .        .  848 

m  of  malleable  iron          •  — 
:t   production    from   the 

Cntalam  ntethod        .        .  844 

ect  process:      ...  — 

ing 845 

ling 847 

-boiUng"         ...  849 
(ling  or  Blooming   .       .851 

ig 852 

eating      .        .       .       •  — 
e  of  Iron  and  consnmp« 
n  of  Fuel  in  the  Refin- 

;  and  Puddling  process     .  868 

mer's  Atmospheric  process  855 

ting 856 

imace       ....  857 

es  of  Blast-furnace  Slags  .  859 
ons  of  the  economioal  con- 
ttion    of   Fuel   in   Iron- 

:ing 862 

is  of  Gas  from  Blast-ftir- 

I 865 

1st 867 

sof  !        !       !       !       !  871 

I  or  Carburets  of       .        .  — > 
te  of  (s.  Carbonates,  i.  784). 

;ted.  Analysis  of       .        .  — 
ition  of  the  entire  amount 

6n — 

ition  of  the  Graphite,  or 

Lically  mixed  Carb«m        .  872 

Ition  of  combined  Carbon  -^ 

Ition  of  Silicon  .        •        •  — 

Ition  of  Nitrogen      .        .  878 

Ition  of  Sulphur        .        •  — 

Ition  of  Pbosphorns  .        •  -~ 

Ition  of  Arsenic         .        .  874 

Ition  of  Manganese  .        .  — 

Ition  of  Copper  and  Lead  .  — 

Ition  of  Aluminium  .        .  — • 
Ition  of  Magnesium,  CaN 

nd  the  Alkali-metals        .  — 
ttioii   of  Cliroinium,    Va- 
I,  Titauium,  Molybdenum, 

Hasten        ....  — 

Ition  of  the  Iron  376 


876 
877 


378 
879 


889 


881 

882 

884 


886 
888 


890 


PAOB 

Iron,  Chlorides  oft 

Ferrous  Chloride     .       •       • 
Hvdrated  Ferrous  Chlorfde. 
Double  salts  of  Ferrous  ChlorMe 
Ferric  Chloride  .       . 

Hydrated  Ferric  Chloride   . 
Basic  Ferric  Chloride  or  Oxy 

chloride    .       .       . 
Ferrico-asnmonic  Chloride 
Chloride  of  Ferriainr  and  Ferric- 

ammoninni 
Ferrico-potaasic  Chloride 
Ferrico-sodic  Chlorida 
Ferrioo  -  ammonio  •  potassio  •  sodiff 
Chloride  .... 
Iron,  Cyanides  of  («  Cyanides,  ii.  221). 
Iron,  Detection  and  Estimation  of: 
U  Blowpipe  reactions     .        • 
2.  Reactions  in  Somtion : 
Of  Ferric  salu. 
Of  Ferroos  salts 
8.  QnantitatiTe  Estimation: 
Gravimetric  Methods 
Volumetric  Methods 
a.  Methods    depending    oi 

Oxidation 
fi.  Methods  depending  on  Re* 
dnction    .... 

4.  Separation  of  Iron  from   other 

Elements . 

5.  Assay  of  Iron  ores : 

m.  In  the  wet  way    . 
fi.  In  the  diy  way    . 

6.  Atomic  Weight  of  Iron 
Iron,  Fluorides  of  . 
Iron  Glance    .... 
Iron,  Hydrates  of  (s.  Iroc«  Oxides  of,  iiL 

893-899)  . 
Iron,  Hydride  of    .        . 
Iron,  Iodides  of 
Iron,  Meteoric  (iii.  886,  977). 
Iron,  Native  (iii  d8o> 
Iron,  Natrolite  (s.  Natrolite> 
Iron,  Nitride  of      . 
Iron,  Nitroeidphide  of    . 
Iron  Ores 
Iron,  Oxides  of    . 

Ferrous  Oxide 
Hydrated  Ferrous  oxide 
Ferrous  salts 

Ferric  Oxide  . 
Hydrated  Ferric  oxide 
Ferric  salts 

Ferroso-ferric  oxides : 
a.  Si-ale  oxide     . 
^•  Magnetic  oxide 
Ferroso-ferric  Hydratea 

Trioxide  of  Iron 
Iron,  Oxy  bromide  of 
Iron,  Oxychloride  of  (p.  878)^ 
Iron,  Oxyfluoride  of 
Iron,  Oxygen-saHs  of    . 
Iron,  Oxysnlphide  of  (p.  400). 
Iron,  Phosphides  of 
Iron,  Pulverised     . 
Iron,  Selenide  of     .        , 
Iron,  Sulphides  of  . 

Octflferric  Sulphide 

Hemisulphide 

Protusulphide  or  Ferrous  8ulphi«1e 

Sesquisniphide  or  Ferric  sulphi«le 

F«rro80-ferric  or  Magnetic  itulplmle      — 

Disulphide:  Ironpyrite*  .    40i 


891 

892 
898 


896 
896 

897 

8^ 
899 


400 


491 


Digitized  by 


Google 


Digitized  by 


Google 


THE  THIRD  VOLUME. 


Wb5 


^i.81> 

PAOB 

PAOB 

LacUc  Anhydride 462 

446 

Lactic  Ethen 

m-m. 

•       •       •       • 

— 

Lactates  of  Ethyl   .       .       .       « 

46» 

•       •       •       • 

— 

MonethyUcLactMe    .       .       . 

— 

•       •       •       • 

.^ 

EthyMactkadd         .       .       . 

^ 

447 

Diethylio  Lactate       . 

464 

•       •       •       • 

— 

Lactatea  of  Methyl 

— 

•       •       •       • 

— 

Methyl-lactic  add     .       .       . 

— 

add). 

Lactide 

-» 

•       •       •       • 

.i— 

Lactidicadd 

.. 

LacUn  (a.  MUk-angar,  iii  t02i> 
Lactone                                          •       • 

•       •       •       • 

— 

Lactose  (a.  Milk.mig«r^  ilL  1022). 

Lactnca         .       •        .       .       •       •     — 

_ 

Lactocarinra  .       ^       •       •       •       . 

^ 

ite,iU.477> 

Lactacerin      ... 

46fr 

•       •       •       • 

.. 

Lactndoadd. 

^. 

•       •       •       t 

_ 

Lactndn 

_ 

448 

Lactooone      ..•••• 

_ 

•       •       •       • 

__ 

Lactnoopierin        .       .       •       *       . 
LactyU  Chloride  of       .... 

«. 

•       •       •       • 

_ 

488 

•       •       •       < 

- 

Lagonite 

"~ 

^ 

Laminaria(8.Sea.weed> 

•). 

Lampadite  (s.  Wad> 

~^ 

Lamp-black 

467 

lite). 
L620). 

Lena  philoflopUea 

Lanarkite 

"• 

• 

.^ 

Lancasterite 

— 

•       •       • 

.- 

Lantannric  add     •       .       •       •       • 

— 

•       •       • 

.^ 

Lanthanite 



I). 

LAnth^nnm    ...... 

46» 

•       •       • 

»      

Lanthanom,  Chloride  ef 

46» 

•        • 

.    449 

Lantbanam,  DetecUeiraBd  Estimation  of 

— 

te,  iL  109). 

Lanthanum,  Flooride  of        .        .        . 

— 

ite). 

Lanthanum,  Oxides  of  .       .       •       . 

_ 

nethioe,ii.l88). 

Lanthanum,  Ozycbloride  of  . 

47^ 

ethine,  iL  189). 

«^ 

Lanthanum,  Oxygen-salts  of 
Lanthanum,  Sulphide  of 

^ 

— 

Lapatbin 

— 

— 

Lapis  Lazuli 

— 

— 

UpisOIIarie 

471 

450 

Larch  (s.  Larix). 

tine). 

Lafdite  . 

»• 

•       •       • 

.. 

Larix 

_ 

Larixinicadd 

.. 

Ladonite  (s.  WaTelUte> 

Lasurite                        .... 

•^ 

L. 

LasyUcadd 

— 

Laterite 

.. 

am. 

.    450 

Latex 

472 

,               , 

— 

Lathyms 

— 

... 

.    451 

Latrobite  (s.  Anorthite^  L  808). 

•       •       • 

.1.. 

LaumoBtite 

_ 

.       •       . 

.    452 

Laurelicadd 

478 

... 

,      — 

Uoricadd 

_• 

.    458 

Laurates 

475 

•       .       • 

,      _ 

Lanrie  Ethen 

— 

.I. 

Laurate  of  Ethyl : 
Laurate  of  Glyceryl  er  laamh 

... 

,     

aralactic  acid . 

.    457 

stearin 

_ 

— 

Laurin 

476 

•       •       . 

Laurone 

.       •       • 

.    460 

Laurostearin  (s.  Lsaric  Ethers). 
Laurus  Camphora,  Oil  of  (L  729). 
Laurus  nobilis       .        .               •       . 

(i.  661). 

d    .        .        . 

,      ~~~ 

_ 

•        •        • 

.    461 

Lava  (s.  Volcanic  products). 

l(f.LacUc£then) 

Larender,  OU  of 

477 

«uacid   . 

,      _ 

Lavendulan 

_ 

id(8.LacUcEthert) 

. 

Lazulite 

— 

dda        .       . 

.      _ 

Lead 

478 

d    .       .        . 

.    462 

Historical  DoUces    .... 

479 

... 

.      — 

Ores  of  Lead 

—. 

Digitized  by 


Google 


INDEX  1 

FAOB 


481 


atment  of  Lead 
•       •       •       • 

ifSnlpliiiroresiii 
itor/ Fnmaoes   .    482 
y  double  decom- 


Prooe«     .       .  485 

rocees                 .  486 

of    Lead-glagi 
irerbentory  For- 

.  487 

theGkuigae      •  — 

IT  Affinity  .       .  488 
ction  of  Oxygen 

Lead.               .  489 
klr  Fnraaoe   or 

ie  Chran  Tiro     .  — 
ion  of  Lead-orea 

*uniace8             .  491 
la  or  filaat  For- 

amaee  — 

mace         •  — 

sfBfatts    .       !  492 
of    Lead-slags 

ist  Foniaces     .  493 

oonomic  Furnace  495 

learth       .        .  497 

woods  Hearth   .  — 

ican  Hearth     .  ->. 

li  Hearth  .       .  — 
Motions  in  the 
naoe  .               .501 

of  the  Lead     .  604 
ion:  Pattinson's 

•pamtna— Wors- 

Lratu6        .       .  507 


508 


r  Copper  in  ciys- 
trBeflningofrich 


system  — 

8  Steam  Blast  .  610 

Process     .       .  511 

System   .       .  512 
of   Lead    from 

.       .       .       .  518 

of  Litharge     .  514 
f  the  Pot-dross 

I        ...  515 

Hard  Lead       .  516 

the  Lead  .        .  — 
ad     Glassford's 

.  518 

le  Dross   .       .  519 

lie  Antimoov    .  — 
;  Spanish  Hard 


the  Slags  and 
ts: 

SlagHearth   . 
lal  Blast  Fnr- 

'  of  'the  'Lead 


620 

521 
528 


aer    .       .       .524 
id-Fames  .       .    526 


Digitized  by  VjOOQIC 


THE  THIRD  VOLUME. 


K«7 


f: 
ide 

9 

b:  Gaiena 


PAOB 

.    657 
.    668 


mate  of  (s.  Snlphocar- 

-ideof.       .       . 
late  of  (a.  Snlpluxyt' 


659 


j^anic  . 

y\     • 

thyl    . 
Dethyl 


660 


661 
568 


664 


lorophyU,  L  922). 
irophjll,  ii.  506). 
anthophyll). 

1       *       '.       '.  665 
666 

!       !        .*       !       .'  667 
le). 

•       •               •       •  "— 

nta,iiil41).     *       '  "" 

668 

670 

ilOOS).     •       •       •  — 

!     I    !     !     !  671 

!       I       !       !       .'  672 

)         ....  678 

ne,  or  Lepamine        .  — 

B        ....  674 

DO         .          •          .          .  — 


B  Alcohol,  iu.  1072> 

caniline 
Litmiu,  iii.  730). 


575 


PAOie 

Leodc  acid 676 

Lencates 6«6 

Leacic  Ether 578 

Leacindin-salpharic  add  (a.  Indin-snl- 
phnric  add,  iii  268). 

Leacme — 

CoiDponnds  of  Lendne  with  Adds 

and  Bases 682 

Pseudolenciiie — 

I.eodte 688 

Leuoocycllte — 

Leocoharmine        .....-> 

Leacoline — 

Leucollte  (s.  Pycnite> 

Leocone 684 

Leoconic  acid — 

Leuoonitrile — 

Leacophane — 

Lencophyll — 

Lencopyrite 685 

Leooorceia — 

Leucotaric  add       .        •       •       •        •  — 

Levolnsaii,  or  LsBVolusan       •       •       .  — 

Levigation — 

Levyne  — 

Lhenolite — 

liatris — 

Libethenite — 

Lichenic  add  (s.  Fomaric  add,  iL  741). 

Licbenin 586 

Lichens — 

Lichenstearie  add 

Liebenerite 587 

Liebigite — 

Lienin — 

Lievrite — 

Light — 

Sonrces  of  Light: 

The  Son  and  fixed  Stars     .       .  690 

Conibastion         ....  — 

Phosphorescence.        ...  — 
The  Klecuic  Light      .        .       .592 

Radiation — 

Velocity  of  Light       .        .        .598 

1.  Measurement    bv   observa- 

tions of  the   ^dipsea   of 

Jupiter's  Satellites    .        .  — 

2.  By  the  Aberration  of  the 

fixed  Stars        ...  — 
8.  Measurement  of  the  Velo- 
city   of  Light   by  smidi 
distances : 
a.  Fizeau*s  Method       .        .  694 
p.  By  means  of  a  revolving 
Mirror     .        .        .       .  — 
Intensity  of  Light  ....  696 
CompariRon  of  the  Intensity  of 
two  Luminous  Sonrces :  Pho- 
tometry    — 

Rumford*s  Photometer     .        .  — 

Bunsen's  Photometer       .        .  597 

Masson's  Electro-Photometer .  — 
General  results  of  Photumetric 

Observation  .        .        .        .  — 

Interference 598 

Fresners  Mirror  Experiment      .  599 

Measurement  of  Wave-lengths  .  600 

Diffraction 601 

1.  Fringes  produce<l  by  Rays 
passing  along  the  Edge  of  a 
Screen 602 

2.  Frinpjes  produced  by  narrow 
rectangular  Aperturi.>s  .        .  603 


Digitized  by 


Google 


INDEX 


Bget  prodooed  hy  two 
ow  SliU  Terj  clow  to- 

ler 604 

Dgci  prodocod  bj  v&rj 

"OW  SCTMOO      •  •  •        •» 

Dges  prodocod  by  Screoif 
Lpertaret  T0f7  ■moll  in  all 
cdona     ....    606 
Dget  prodocod  bj  Gnt- 

SI  or  Network  .  .  — 
lelOrotingi.  .  .  ~ 
^UrOnUDgs  .  .  607 
tiogs  or  Network  with 
[Dore  or  roand  Meeheo  .  608 
ting   Qrotings   or  ftri- 

Burfftcee       .... 
tod  Refraction       .       .     ^ 
ion    of    Reflected    and 
tedraji.       ...    609 

on 610 

m  throngh  Priemt         .    611 
of  Lout  Delation        .    612  I 
rement  of  Refractive  In- 
I  of  Solids  and  Llqoida  .      — 
let  of  Refractive  Indicet 
Solids  and  Liquids       .    616 
of  Refraction  of  Gkses: 
■ac<iM  Power .  .    616 

618 

I  discovery  of  the  Com- 
«  nature  of  SoUr  Light    619 
Is  of  obtaining  the  S^ 
tmm     .... 
ines  in  the  Solar  Spec- 

620 

yf  Coloured  Oases  on  the 
irance  of  the  Lines       .    621 
}f  Flames  and  Incan* 
intBodieo      ...     622 
I  of  the  Electric  Light  .      — 
oiTs    Theory    of    the 
I  in  the  Solar  Spectmm  .    ^ 
B   Powers  of  diflTereDt 

a 628 

ents    of    Dispersion.^ 
al  Dispersion  .     ^ 

»ne  And  Dale's  researcheo 
the  Refraction,  Disper- 
D,  and  Sensitiveness  of 
luids  ....  624 
«  of  Specific  Refractim 
trgjf  and  Specific  DU» 
wm      .  .626 

)  of  the  Refractive  in- 
BS  of  various  Liquids  for 
I  lines  A,  D,  H  at 
!erent  temperatures  .  626 
I  of  the  Refractive  in- 
Bs  of  various  Liquids  for 

lines  A,  a  C,  D,  K, 
3,  Hat  200  a     .        .629 

Chemical,  and    Phos- 
genic  Rays  of  the  Spec* 

631 

'  of  the  Calorific,  Lu- 
is, ("hemieal,  and 
>horogenic  Ravs  .    682 

»  .        .        .  '     .        .638 

., fi36 

Absorption   .        .        .637 
ion-spectra  of  coloured 


Digitized  by 


Google 


THE  THIRD  VOLUME. 


1069 


;al  action  of 
of  Um  Chemfeal  ac- 
t  .  .  .  . 
Hrdrogen  Cbemlcal 
of  Bnnsen  and  Rot> 

I  Indaction 
ind  abeolate  Measare- 
Chemicai  rays  . 
ion  cf  diffuse  Day- 

m  of  direct  San>light 
of  tbe  Chemical  ac- 

Constltneat  Parte  of 

pectnim     . 

>Conieter   adapted  to 

see  of  Meteorological 

ion     ...       . 

brightness  of  various 

the  Son's  Surface     . 

Iiemical  Extinction  of 

icalRays  . 

ic  Transparency,  or 
Power   of    different 

Miller*s  Experiments 

ight  on  Plants 

>eriments  of  Wedg- 
H.  Davy,  and  Niipoe 
rpe     . 

rocess 

he  Chemical  Change 

>y   Light   on  Silver 

tography    . 

ic  Engraving,  Litho- 

nd  G^vanography 

e,  L  818). 

1082,  andFaeI,iL  731). 


PAOK 
678 


679 


681 


688 


685 


686 


uy. 


ipar,  iL  677). 


Saline  Solutions 


692 


694 


696 


699 


700 


701 
702 


704 
705 


PAOB 

Liquids,  Diffusion  of: 

2.  Cr}'8taIIoIds  and  CoUolds    .       .711 
8.  Application  of  Liooid  Diflbaion 

to  Chemical  Analysis      .       .  718 

4.  DialysU 716 

Preparation  of  Colloid   Sub- 

stancee  by  Dialysis    .       «  717 
Liaoidr,  Dispersive  Powers  of  (a.  Light, 

Liquids,  Expansion  of  fs.  Heat,  iii.  52). 
Liquids,  Indices   of  Hefraction  of  (s. 

Light,  iii.  615,  627). 

Liquids,  Osmose  of        ....  718 

Liquids,  Trunspiration  of       .        .        .  722 
Liquorice  (see  Glycyrrhizin,  ii  920). 

Liriodendrin 728 

Liroconite — 

Litheospore 727 

Lithium ^ 

Lithium,  Chloride  of      .       .        •       •  «- 
Lithium,  Detection  and  Estimation  of: 

1.  Reactions  in  the  dry  wmj  •       •  728 

2.  Reactions  in  Solution  •        .       .  — 
8.  Quantitative  Estimation  and  Se- 
paration    — 

4.  Atomic  Weight  .       .       •       .729 

Lithium,  Fluoride  <»•••.  — 

Lithium,  Oxide  of — 

Lithium,  Sulphide  of     .       .        .       .780 
Lithography  (s.  Printing,  Chemical). 

Lithoinarge — 

Lithoepermnm — 

Litmus — 

Liver,  Olyooffenic  Function  of  (s.  Gly- 
cogen, li.  906). 

Liver  of  Sulphur 782 

Lixiviation — 

Lixivium — 

Loadstone — 

Loam  (8.Cl8y,L  1028). 

Lobeline — 

Loboite — 

Lo^n^te — 

LoBweite — 

Loganite — 

Logwood — 

Lomonite  (s.  Laumontite,  iii  472). 

Lonchidite 788 

Lopez-root — 

Lophine — 

Lophine-salts 734 

Lotalite  .4 785 

Loxuclase — 

Lubricants — 

Lucifer  matches ^ 

Lucullite  (s.  Limestone^  iii  697). 
Lumaocella  (s.  Limestone^  iii  697). 

Luna  cornea — 

Lunar  caustic — 

Lupinin — 

Lupulin .        * — > 

Lupus  Metallorum -— 

Lute .  — 

Luteolin 786 

Lutidine  and  ^-Lutidine        .       •       .787 
Ethyl- ^-lutidine     .        .        •        .788 

Ethyl  lutidine        .        .        •        .  — 

Methyl-^•lutidine  .       .        •       •  — 

Lydne — 

Lycopodium 789 

Lydisn  stone — 

Lymph .  — 

Lyncurion      .       .                       .       .  740 


Digitized  by 


Google 


INDEX 

PAOB 

.    740 


»r  Bladder  .    741 
dColonriDg 


.  2.  Garan- 

4.  Garan- 

of  Madder. 


744 
746 
748 


750 


L^Jeet). 


•           •           • 

751 
752 

Estimation 

"^ 

way  . 

— 

loo  and  Se- 

758 
754 

(8.  Boro-' 

(8.  SiUoo- 

Power 
siupended 

RepalsloQ 
rd  to  Dia- 

ilance 
f  Oscilla- 

Magnetic 

rer  of  dif- 
stribntion 


755 


756 


757 


758 


759 


of  Mag- 
ion 
.   Doable 

nt  .'       ! 

ion 

inflaence 

3hape    . 


760 
761 

763 


764 
765 


Mag 


Maffi 
45] 
Magi 
Magi 
Magi 
Mabo 
Maiz4 
Majoi 
Makt 
Mala 
MalA 
Mala. 
Malai 
Malai 
Malai 
Malai 
Malai 
Malax 
Malei 

G 

C 

Ij 

Maleu 

Malic 

Id 

B 

It 

Malic 

Malic 

D 

PI 

PI 

Malic : 

Malolh 

Malonj 

Malt 

Maltbi 

Maltbai 

Malto« 

Mancir 

Mandel 


Digitized  by 


Google 


THE  THIRD  VOLUME. 


1091 


[s.  Rhodonite). 


^ei 


f    . 
I  of 
of. 
!8of: 
Shloride 
oride 


loride 

'  Manganese   . 

I  of  (i.  Cyanides,  ii. 


n  and  I^mation  of     — 
he  dry  my   .       .      — 
Solution : 
DOS  Salts 


PAOB 

800 
801 

802 

803 


804 
805 


icSalU 
lates 

ranates  . 
Estimation  and  Se- 

Manzanese  Ores 
ht  of  Manganese 

•  of 

►f   ! 
If   . 

anganoos  Oxide 
Qganons  Oxide 
Manganic  Oxide 

langanic     Oxide 

iganic      or      Red 

xide:  Pjfrobttite 
Peroxide 

diate  between  the 
i  and  Dioxide : 

B 

by  Cobalt,  Cupre- 

lese 

Lides  of  Manganese 

ride  of 

hide  of 

ieof 


of 


806 


807 


809 


810 


811 
812 


818 


814 
816 


817 


818 
819 
821 


PAOB 

Mannide,  Mannitan  (s.  Mannite). 

Mannite 8V3 

Mannide 825 

Mannitan — 

Nitro-mannite        ....—> 

Sulp^o-roannitic  add     ...  — 

Mannitic  acid — 

Mannitose 826 

Manure — . 

Marasmolite  .       .               .       •       .  851 

Marble — 

Marcasite — 

Marcelin 861 

Mareylite — > 

Marecanite — 

Margaric  acid — 

Margaric  Ethers 858 

Margarite — > 

Margarodite — 

Margarone — 

Manalite — 

Marionite ~- 

Marine  Metal — 

Mariotte's  Law — 

Marjoram,  Oil  of — 

Marl 854 

Marmatite — 

Marroolite  (s.  Serpentine). 

Marrubiln — 

Marab  Gas — 

Marsb's  Test  for  Arsenic  (s.Arsenic  1.862). 

Martinsite 856 

Martite — 

Martylaniine  (s.  Xenylamine). 

Marum -camphor ~ 

Mascagnine — 

Maaopiii ~- 

Massicot 857 

Masaoy  Camphor  and  Oil       .        •        .  — 

Miisterwort,  Oil  of          .       •       •       •  — 

Mastic — 

Maiitic  Cement — 

Masticin 858 

Matidn — 

Matico,  Oil  of — 

Matlf>ckite — 

Matricaria — 

Mauilite  (s.  Labradorite,  iii.  i50). 

Maynas  Resin — 

Meadow  Saffron  (s.  Gratiola  officinalis, 

iL  942). 
Meadow-sweet  (s.  Spirsa). 

Mecbloicadd 859 

Meconamic  acid  (s.  Meconic  acid.  Amides 
of). 

Meconic  acid — 

Meconates 860 

Meconic  acid,  Amides  of        •       .       .801 

Meconic  Ethers — 

Meconin — 

Bromomeconin        ....  863 

Cbloromeconin         ....  — 

lodomeconin — 

Nitromeconin — 

Meconium 864 

Medicago  saliva -* 

Medicinier,  Oil  of — 

Medjidite — 

Medullic  add — 

MeduUin — 

Meer^chaom — 

Mpiler 865 

Megabromitc — 


Digitized  by 


Google 


INDEX  • 


PAOK 

•    866 


aide,  it  287). 
pjrite  (s.  Duldte 


mioct). 


[eUgallio  add). 


866 


867 


jrannimmie  addt, 


mmarin,  iL  98). 


tdd,  Amides  of), 


troleadd 
amide 


[elloiiides). 


868 


folb  add,  iL  601). 

add). 

!de). 

Litic  add.  Amides 


870 


871 
878 


874 


876 
879 


.  Naphthylamine, 
DerlvatiTes  of). 


Mer 

Men 
Met 

Mer 
Mei 
Mei 
Mer 
Mer 
Mer 

Mer 
Mer 

CI 

Mer 
Mer 
Mer 


Mer 
Mer 
Mer 
Mer 


Mer 


Mer 
Mer 


Mer 

O 

Mer 


Mer 


Mff 
Me 
Me: 
Mei 
Mei 
Mei 


Digitized  by 


Google 


THE  THraD  VOLUME. 


1093 


FAOB 

Its  .       .  .907 

nth  AmmoniA  and    909 


deof      . 

de  of 

le  of  (s.  CyanldMy 

i«  or  m.  908). 

uUof     . 

eof 

of 

iloridesof 

r    . 

[ereiiry   and  Lotd 

rcarr  ind  Copper 
iphideof:  Onofritt 
of  I 

»hide       . 
ide 

B       .  .  .  - 

d:    Cmnabar,  Vtr- 

mide  of 
trideof 
tide  of    . 
loniacal  . 
ini-salts . 
unm-salta 

minm-salts 

monium-salts 

irosammoiiiiun  and 

amoniam 

>f  the  Ammoniacal 

ponnds   . 

rganio     . 

jTlido 

lide,  Chloramjlide, 

de 

Bthide     . 

lethide,  Chlorethide, 

ind  Ethide 

•hydrate,  lodethide, 

liosphatethide,  Siil< 

id  ^alphethide 

nethiae,     Hethide, 


lethide 


910 


911 


91S 


viol 
lene 
ieoe 

I 
oe  . 

uie. 
;  add 

t).' 


918 
915 


916 
917 


9S0 

921 
922 
928 

924 


926 


926 

927 
928 


929 


981 


Meaotvpe  (a.  Natrolito  and  Sooledte). 
Mesotartanc  acid  (a.  Tartaric  add> 

Meeoxalic  acid 98^ 

Mesoa  ferrea  .       .  ,       ,     ^ 

Metacetamide  (a.  Propionamide). 
Metacetic  acid  (t.  Propionic  acid). 

Metacetone — ^ 

Metacetonic  acid  (a.  Propionic  acid). 
Hetacetonitrile  (s.  Cjanide  of  Ethyl, 
iL211). 

Metachlorite 988 

Metachromic  Oxide  (L  949). 
Metacinnamein  (»  Cinnamein,  i.  980). 
Metacrolein  (a.  Acrolein,  i.  67). 

Metaferric  Oxide — 

Metafurfhrol  (a.  Fnrfiirol,  ii.  762). 
Metagallic  acid  (a.  Gallic  acid,  ii  760). 
Metahnmic  acid  (a.  Ulmic  acid). 
Metal.    Metall<Ad .  .       .       .     — 

Phyaical  Properties  of  Metals  and 

Metalloids 984 

Combinations:  Oxides   .       •       .    988 

Sulphides 940 

Phosphides 941 

Chlorides,     Bromides,     Iodides, 
Flaorides,  Nitrides,  Cartndea, 

Silicides 942 

Alloys — 

Matthiesaen's  researches  on  the 
Klectro-condacUvity,  &c.  of 
Alloys  .... 

Analysis  of  Alloys  . 

Metallurgy — 

Roasting  of  Ores  and  MeUllnrgic 

Products 948 

Oxidising  Roasting     ...      — 
Volatilising,  Chloridising,    and 
Redadng  Roasting  . 
Melting  of  Metallurgic  Products  for 
the  Extraction  and  Separation 
of  Metals         .... 
Reducing  Melting 
Oxidising  Melting 
Solvent  Melting .... 
Sublimation  and  Distillstion  . 
Eliqnation  and  Crystallisation 
Solution  and  Precipitation 
Metals,  Atomic  Weights  and  Classifica- 
Uon  of         .       . 
i.  Monad  Metals     . 
ii.  Dyad  Metals 
iii.  Aiad  Metals     . 
iv.  Tetrad  Metals   . 
V.  Pentad  Metals    . 
Ti  Hexad  Metals   . 
▼iL  HepUd  Metals, 
viii.  Iron  Metals 
ix.  Platinum  Metals 
Numerical  Relations  between  the 
Atomic  Weights  of  the  Metals    .    975 

Metalnmina 976 

Metalysis — - 

Metamarp^ric  acid         ....      — 
Metamerism  (s.  Isomerism,  iii.  415). 
Metameconie  acid  (s.  Comenic  acid,  L 
1108). 

Metamorphine *- 

Metamorphism *- 

Metamylene — 

Metanaphthalene  (s.  Naphthalene). 
Metantimonic  acid  (s.  Antimony,  i.  824). 
Meta-oct^lene  (s.  Oictylene). 
Meta'oleic  acid      .  ,       .       .     •• 


948 
946 


949 


950 
951 
952 
955 
956 


957 


958 
964 
966 
967 
968 
969 

974 


Digitized  by 


Google 


INDEX  T( 


cadd). 

le). 

k   PhoBphonu, 

inic  acid,  under 

e,  I.  982). 
Uric  acid), 
rpexitine). 
ngatic  acid). 


;ad,  Stones   (a. 


M>ricIron . 

deteoric  Iron 
teoric  Iron 

respecting  the 
eteorites   • 


977 


rites  • 
>hol). 


979 

980 

981 


98S 


hjl,  Boride  of, 

127). 

i-radicles,  Organic). 


ad-radides,  Or- 

radicles,  Organic). 
Imicadd  . 


(i.844). 
400). 

thide 

c  Methide  with 


Lloride  of  Methyl  988 
'eA^He  Alcohol 


[a.    Marsh-gas, 


a  568). 


'dluro-metkjfl 
ateofEthylei 
ne,  i.  81). 

bjlammonioms 


8 

ine 


984 


985 


987 


990 

991 
992 

994 


996 
997 
998 


Meth 

n 
1 

] 

1 
1 
1 
1 
1 

Meth 
Meth 
Meth 
Meth 
Meth 
Meth 
Meth 
Meth 

Meth 

(•« 
Meth 

cyl 
Meth 
Meth 
Meth 

ad 
Metli 
Metfa 
Metti 
Metb 

Metli 
Meth 

i.C 
Metli 
Metfa 

10< 
Meth 

£t 
Metfa 
Metfa 
Metfa 
Metfa 

Ph 
Metfa 
] 
Meth 
Meth 
Meth 
Meth 
Meth 
Meth 
Meth 
Meth 
Meth 

nifl 
Meth 

phi 
Meth 
Meth 

8ta 
Meth 
Meth 

(». 
Meth 
Meth 
Meth 

L  7 
Meth 
Meth 

lie 
Meth; 

lair 


DiQitized  bv 


Google 


THE   THIRD   VOLUME. 


10£ 


(a.    Methyl-ethjl- 

ihtr<s.Heptyl-meUiy- 

if  ethyl-csproyl . 

jrUnune). 

oands  (s.  iiL  1005). 

'(s.Liu!tio£then|iiL 

Latidine,  iU.  788). 
(8.  Malic  £then»UL 

[s.  Morphine  iiL  8056). 


1008 


lie  add  (a.  Salydfio 


;  Ether  (a.  Heptyl- 
liL  149). 

(s.  Oxalic  £then> 
l(s.OzamicEthen). 
add   (s.  Cholflatre- 

e  add  (a.  Tartaric 

(a.  Aniddine,  L  804). 

na  (b.  PhenyUmines) 

(a.  Lead-radidea,  Gr- 
and -phoaphoDinma 

ididfli^  Qnniiic}. 
add  (a.  Phoaphorie 

m    add    (§»    Phoa- 

[a.  Piparidiii6> 
bamida    (s.  Carba- 

add    (a.     Salydlio 

1  8d«ni<ma  adda  (s. 

ions  Ethan). 

(a.  Tin-radidea*  Or- 

Antimony-radidea, 

(a.  Stnrdmine). 
add  (s.   Sulphuric 

ic  add  or  Sulphani* 

1(8.  Tartaric  Etherai 
la  (a.  Thioainamina). 

Methvl-carbamidaa, 
i,L764). 
1  (a.  Xanthic  Ethers). 


Idobenzylamine :  a. 
76). 


1009 


1010 


lat 
icaax 


1012 


1018 
iul4 


PA< 

Microbromite .       ...  .10 

MicrocUn 

Microcoamic  salt    ..... 

MicroUte 

Middletonite 

Miemite:  (s.  Dolomite). 

Miedte  (a.  Pyromorphite). 

Milk       .       .       ...       .        .      - 

Analysis  of  Milk     ....  101 

Composition  of  the  Milk  of  difierent 

Animds  .        .  .  lOJ 

Percentage  of  Fat  in  diflTerent  kinds 

of  Bfilk 101 

PercenUge  of  Sugar  .  lUl 

Percentage  of  Ash  .       .        .        .101 
Teste  for  Milk  Adulterations  .       .  lOtJ 

Milk-quarts 10'^ 

MUk-suffar - 

Prodncta  of  ite  Transformation : 

1.  Lactose  or  Galactose  .  102 

2.  Lactocaramel  ....  lOJ 
8.  Gal  lactic  and  Pectolatic  acids 

4.  Nitrolactin      .        .        .        .      - 

MiUerite - 

Millingtonia 

Miloschin - 

Mimetesite     ...  .        .      - 

Mimosa  or  Acacia  Gum  .102 

Mimotannic  add 

Mindereri  Spiritns 

Mineral  ........ 

Mineral  acida 

Mineral  alkali 

Mineral  Caoutchouc       .        .        .        .      - 
Mineral  Chainsleon       .       .       .       .      - 

Mineral  Green 

Mineral  Indigo - 

Mineral  Kermes 

Mineral  Oil,  Pitch,  Resin  (s.  Petroleum).      - 

Mineral  Purple - 

Mineral  Tallow  (s.  Hatchettin,  iii.  14). 
Mineral  Turpethum       .        .        .        .      - 
Mineral  Waters  (a.  Water). 

Mineral  Tellow - 

Minette 102< 

Minium - 

Minjac-Tankawan  orTinkawan    .       .      - 
Mirabelles  (s.  Fruit,  ii.  714). 

Mirabilite 

Misenite ^ 

Miapickel — 

Mistletoe - 

Misy 102: 

Mitis-green -> 

Miszonite  (s.  Meconite,  iiL  865). 

Mocha-stone -> 

Modumite - 

Mohsine         ......      ~ 

Mohsite - 

Molecule - 

Molybdenum - 

Molybdenum,  Alloys  of         .       .       .1021 

Molybdenum,  Bromides  of     .        .       •     - 

Di-,  Tri-,  and  Tetra-bromide  .       •  102t 

Molybdic  Oxybromide    .       •       .     - 

Mdybdennm,  Chlorides  of: 

Dichloride  or  Molj-bdoua  Chloride  .      - 
Trichloride  or  Molybdooo-molybdic 

Chloride 103( 

Tetrachloride  or  Molybdic  Chloride  1031 
Ammonio-molybdic  Chloride      .      - 
Molybdenum,  Chlorobromides  of  .        .      - 
Molybdenum :  Detection  and  Estimation : 

L  Blowpipe  reactions     •        . 
A 


Digitized  by 


Google 


1096 


INDEX  TO  THE  THIRD  VOLUME. 


PAOB 

Moljrbdeiiiiin ;  Detection  and  Estimation : 
2.  Reactiont  in  Solution  .        .  1031 

8.  Qaantitatire  Estimation  and  Se- 
paration 
4L  Atomic  WfAght. 

Molybdennm,  Fluorides  of 

Molybdenam  Glance 

Molybdenum,  Iodides  of 

Molybdenum,  Nitrates  and  Amides  of 

Molybdenum,  Oxides  of 

Protoxide  or  Molybdons  oxide 
Dioxide  or  Molvbdic  oxide     . 
Trioxide  or  Molybdic  Anhydride 
Combinations  of  the  Trioxide : 

1.  With  Water.— 2.  With  Acids  1036 


1032 


1033 


1037 
1041 


1042 
1043 


1046 
1046 


1047 


8.  With  Bases:  MolMai€$ 
Molybdenum,  Oxybromides  of 
Molybdenum,  Oxychlorides  of 
Molybdenum,  Phosphide  of  . 
Molybdenum,  Sulphides  of    . 

Disulpbide  or  Molybdic  sulphide 

Trisnlphide:  SnlphomofybAe  acid 
Suiphomolybdatee 

Tetrasulphide  :     PeruJphomolybdie 
acid  ,        .... 
Persnlphomolybdates  • 

Molybdin 

l^Iomordica 

Momonlicin 

MonardH.  Oil  of      .... 

Monazite 

Monazitold 

Monesin ....  . 

Monheimite 

Mono-compounds   .... 

Monophane 

Monotropa 

Monradite 

Monrblite 

Montanine  ..... 
Moniicellite  .  •  •  •  . 
Montmorillonite  .  •  .  • 
Moon  Atone  ..... 
Mordanu  (s.  Dyeing,  iL  862). 
Mordenite       .        .        •        • 

Moric  acid 

Morimlin 

Morindone 

Moringic  add 

Morintannic  add    .        •        •       • 

Moroxite 

Monixylic  acid       •        .        •       • 

Morpheiioe 

Morjthine 

Morphine-salts 

lodomorphine .... 

Methyl-  and  Ethyl-morphioe 

Morphium 

Morphoiites 

Mortar 

Morvenite 

Mosaic  Gold 

Mosandrite 

Moss  Agate 

Mother-liquor         «... 
Mother-of-Pearl     .... 
Mountain  Cork,  or  Mountain  Leather 
MoanUinBlM       .       .       .      QOOPER 


Mountain  Grsea M67 

Mountain  Soap  (a  Steatit«> 

Mncamide •> 

Mucic  add — 

Mocates 10&8 

Mudc  Ethera lOM 

Mucidineft — 

Mudlage  — > 

Mucin ^ 

Mucus     •       .  .       •       •       •      — 

Mudarin 1061 

Mudesieadd *     ~ 

Mudesous  add — 

Mulhouse  Blue 1061 

Mailer's  Glass * 

Mullerite  (s.  Sylvanite). 
MuUidte  (a  Yivianite). 
Multiplier  (s.  Electriotj,  iL  443). 

Munjeet — 

Munjistin » 

Muniz's  Metal        ....  1062 

Mnrchisonite — 

Murexan         .•••••     — 
Murexide  (a  Parpnratas). 

Mnrexoin 1063 

Muriadte        ...  •        •     — 

Muriatic  add — 

Murimontite — ' 

M||<m      ,        ....,        .— 

Muscle 1064 

Muscovite — 

Muscular  Tlssoe — 

Musena  bark 1067 

Musenita — 

Musk — 

Mussel-shells  (a.  Sbellt). 

Mussite " 

Mufl8onit«  (s.  Paridte). 

Mustard •     — 

Mustard,  Oils  of — 

Mydoclone •      — 

Mycoderma 1068 

Mycomelicadd — 

Mycose  or  TrehakMe      .       .       .        .     — 

Myelin «••'"' 

MyricaTaflow 106$ 

Myridn — 

Mjrricyl,  Hydrate  of      ....     — 

Mrristic  add — 

Myristic  Alcohol 1072 

Myristic  Anhydride       .        •       .        .      — 
M^Tistic  Ethers: 

Myristica 1078 

Mvristidn — 

Myristin  {n  Myristic  Ethers). 
Myristo-bensoic  Anhydride    •       •        .      — 

Myristone — 

Myristvl,  Hydride  of      .       .       .        .     — 

Myronic  add ~ 

Myrosin 1076 

Myroxocarpin         .••••«» 

Myroxylicadd — 

Myroxylon — 

Myrrh 1076 

—  L Myrrhi^  and  Myrrhol  .       •        .      — 

Tli^  Mw^  the  piypts    •     •     •    - 
MEDICAL  c6lLi.Gi.s' 
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